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EXECUTIVE SUMMARY

India is making significant progress in pursuing and achieving its energy transition goals. The country now 
ranks third globally in renewable energy installed capacity.1 India also achieved its target of meeting 50 
percent of cumulative electric power installed capacity from non-fossil sources in 2025, five years ahead of 
schedule.2 Clean energy technologies play a critical role in India’s vision of a Viksit Bharat (an economically 
developed, self-reliant, and prosperous India) by 2047 and achieving net-zero emissions by 2070. 

An accurate estimation of clean energy jobs, skill requirements, and gender participation aids in informing 
skill-building programs, developing measures to ensure a gender and equity-focused energy transition, 
and helping policymakers develop programs to optimize job creation, among other benefits. To this end, 
with support from the Government of India’s Ministry of New and Renewable Energy, the Natural Resources 
Defense Council (NRDC) India and the Council on Energy, Environment and Water (CEEW) conducted 
a primary survey of companies in 2024-25 across the solar, wind, bioenergy, and hydropower sectors to 
assess the clean energy workforce advancements in India.

The study has developed full-time equivalent (FTE) coefficients for assessing the workforce intensity 
across business phases (these phases include business development, pre-construction, construction, 
operation and maintenance, etc. Details in Table 2). The FTE coefficient or job-year is a ratio of the time 
spent by an employee on a particular project or task in a given year to the standard total working hours 
in that particular year. These FTEs are standardized per megawatt (MW) or as per the standard unit of 
measurement in the sector.i The study also examines trends in representation of women in the clean 
energy workforce, skill requirements and new clean energy workforce additions between financial year 
(FY) 2023 and 2026.

Key Findings
	y The FTEs developed across the clean energy sectors are mentioned in Table ES1. The following are 

some of the key employment insights from the various sectors: 

	y Deployment in decentralized systems generates more jobs than large-scale systems. For 
example, rooftop solar systems generate 44 times more FTE (job-years)/MW than utility-
scale solar systems.

	y Among the electricity generating sectors, biomass to power has the highest FTE at 164.82 
FTE (job-years)/MW with the collection of feedstock phase being the most labor intensive 
(35 percent of the total FTE). In the case of small hydropower, which has the next highest 
coefficient of 152.43 FTE (job-years)/MW, the construction and commissioning phase is the 
most labor intensive (86 percent of the FTE).

	y In the previous four financial years (FY23 to FY26), approximately 6.5 lakh (657,845) workers 
have been added to the total workforce in the clean energy sectors of ground-mounted solar, 
rooftop solar, biomass to power, wind, small hydropower, large hydropower, and under the 
Pradhan Mantri Kisan Urja Suraksha Evam Utthaan Mahabhiyan (PM-KUSUM) scheme (Figure 
ES1). The majority (62 percent) of the workforce addition was driven by the rooftop solar sector.

i	 Jobs created are different from the workforce added. A single worker can hold multiple short-term jobs across the years, which 
means that total jobs created will always exceed the workforce employed. For example, workers trained for earlier capacity 
additions continue contributing to new deployments, so only the incremental new workers required constitute additional 
workforce. This report estimates both the additional workforce added in the past four years and the total jobs generated in 
meeting India’s 500-gigawatt (GW) target by 2030.
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Table ES1: Sector-wise FTE Employment Coefficients 

Sector Coefficient Unit

Deployment Sectors

Ground-mounted Solar 1.00 FTE (job-years)/MW

Rooftop Solar 44.68ii FTE (job-years)/MW

Floating Solar 2.21 FTE (job-years)/MW

Wind 0.65 FTE (job-years)/MW

Small Hydropower 152.43 FTE (job-years)/MW

Biomass to Power 164.82 FTE (job-years)/MW

Compressed Biogas (CBG) 9.91 FTE (job-years)/TPD

PM-KUSUM Component A* 1.17 FTE (job-years)/MW

PM-KUSUM Component B** 47.91 FTE (job-years)/MW

PM-KUSUM Component C Grid-connected 
Pumps (IPS)***

47.32 FTE (job-years)/MW

PM-KUSUM Component C Feeder-level 
Solarisation (FLS)**** 

1.17 FTE (job-years)/MW

Large Hydropower***** 0.72 FTE (job-years)/MW

Manufacturing Sectors

Solar Module Manufacturing 1.51 FTE (job-years)/MW

Solar Pumps manufacturing 6.37 FTE (job-years)/MW

Wind Manufacturing 1.44 FTE (job-years)/MW

Pellet Manufacturing 8.04 FTE (job-years)/TPH

Notes: 
* Ground-mounted solar FTE (for smaller systems below 2 to 3 MW) used here, as the scheme targets smaller sized systems.
** Rooftop solar FTE for 5-kilowatt (kW) systems, along with solar pumps systems installation FTE, have been used in this case.
*** Rooftop solar FTE for 5 kW systems have been used.
**** Ground-mounted solar FTE (for smaller systems below 2 to 3 MW) used for feeder-level solarisation.
***** FTE for O&M phase only

Source: CEEW-NRDC Analysis, 2026

ii	 While rooftop solar generates 44.68 FTE (job-years)/MW, smaller system sizes under 10 kW generate 54.91 FTE (job-years)/MW. 
The FTE for 1 to 10 kW is used to estimate the jobs generated under the government’s 40 GW target, as the additional 30 GW to 
be deployed after 2024 is targeted towards the residential sector under the PM Surya Ghar: Muft Bijli Yojana. 
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Figure ES1: 6.5 lakh workforce were added in India's clean energy sectors between FY23 and FY26
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Source: CEEW-NRDC Analysis, 2026 

	y Women represent only 11 percent of the total workforce in the solar and wind deployment and 
manufacturing sectors. About 62 percent of the total women in the workforce are employed in 
non-technological roles such as HR, accounting, and administrative. Meanwhile, approximately 
44 percent of the companies in the study sample had at least one woman board member. 

Figure ES2: Women represent 11 percent of the total workforce engaged in deployment and 
manufacturing of solar and wind technologies
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Source: CEEW-NRDC Analysis, 2026
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	y Approximately 60 percent of the jobs in clean energy project deployment require highly-skilled 
or semi-skilled workforce. The figure is higher in the case of manufacturing sectors, with about 
80 to 90 percent of the workforce engaged in highly-skilled or semi-skilled jobs. 

	y India meeting its 500 GW non-fossil capacity target and achieving other goals under the 
National Green Hydrogen Mission is estimated to generate over 44 lakh (4.4 million) FTE jobs.iii 
Approximately 12.8 lakh (1.28 million) of the total FTE jobs estimated to be generated across 
the solar, wind, bioenergy, hydropower, and solar pumps sectors in achieving these targets, are 
expected to be in the operations and maintenance and manufacturing roles—sustained over the 
lifetime of each project or manufacturing facility.

Figure ES3: Over 44 Lakh Full-time Equivalent Jobs can be Generated from Achieving India’s 500 GW 
Non-fossil Fuel target and the National Green Hydrogen Mission.

Biomass Power

19.5%

National Green 
Hydrogen Mission

Each square represents 1% of 
FTE jobs added over the period

Solar Module 
Manufacturing

Small HydropowerWind EnergyLarge HydropowerWind
Manufacturing

Nuclear

PM KUSUM

9.4%

44,56,719
Total FTE Jobs

Ground-mounted Solar

Rooftop Solar

43.3%

Source: CEEW-NRDC Analysis, 2026 and Ministry of New and Renewable Energy, 2024 

Based on this analysis, the report proposes the following recommendations to strengthen evidence-based 
decision making on jobs and skills, and build a robust clean energy jobs ecosystem: 

1.	 The Ministry of New and Renewable Energy can institutionalize mandatory reporting 
of renewable energy workforce to collect timely data: By integrating workforce reporting 
requirements with existing government data collection mechanisms—such as in subsidy 
disbursement processes, tenders, and other regulatory frameworks administered by MNRE, Solar 
Energy Corporation of India, and the National Institute of Solar Energy—comprehensive data on 
workforce trends can be easily collected without additional cost or effort.

iii	 This report has not developed FTE coefficients for green hydrogen and nuclear energy sectors. The numbers of jobs and targets 
have been taken from the Ministry of New and Renewable Energy’s report, “Opportunities in the Green Economy: Skilling and 
Jobs in Renewable Energy”, published for the Fourth National Conference of Chief Secretaries, 13-15 December 2024. 
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2.	 Clean energy companies should undertake initiatives towards gender inclusivity to tap into 
underutilized talent: This can be done by ensuring workplace safety provisions, allowing for 
flexible work conditions and initiatives to increase women’s participation in technological roles and 
in leadership positions.

3.	 Clean energy companies should create opportunities for employee career advancement, 
given that an increasing proportion of jobs require higher skills in the solar and wind sectors: 
Since a growing proportion of jobs in the solar and wind sectors require a highly- or semi-skilled 
workforce, clean energy companies and training institutes should develop career advancement 
programs that enable workforce progression from low- to semi-skilled and semi- to high-skilled 
roles through continuous learning, expert partnerships, and long-term mentorship.

Image source: iStock
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1.	 INTRODUCTION

The global energy landscape is undergoing a rapid transformation. The energy sector continues to scale 
at an unprecedented pace driven by growing populations, expanding economies, and rapid technological 
advancements. Simultaneously, the urgency of the climate crisis is compelling nations worldwide to 
accelerate their decarbonization efforts and transition towards cleaner, more sustainable energy systems. 
At COP27, countries like Canada, Japan, Korea, and the United Kingdom reaffirmed their commitment to 
achieve their set targets for net-zero emissions. The following year, at COP28, 133 countries came together 
to deliver the ‘UAE Consensus’ where these countries committed to increasing the globally installed 
renewable capacity threefold by 2030. At the COP30 held in 2025, while there was no explicit reference to 
phasing out fossil fuels, key positive highlights included strategies to accelerate the implementation of the 
Paris Agreement, a push to triple adaptation finance, and commitments toward a just energy transition.3 The 
energy transition is both a climate imperative and an economic opportunity. In July 2025, India achieved 
its Nationally Determined Contribution of meeting 50 percent of its cumulative electric power installed 
capacity from non-fossil fuel sources five years ahead of the 2030 target, thus reinforcing the nation’s 
vision to decarbonize while developing. Energy security and indigenization are critical to achieve the aim 
of a Viksit Bharat by 2047. Consequently, renewable energy deployment and manufacturing are essential 
priorities for India’s sustainable development trajectory.

With an estimated total solar and wind energy potential of 22,060 GW in the country, the sector is poised 
for appreciable growth in the coming years.4 Achieving this potential will not only create new employment 
opportunities but will also demand an unprecedented scale of workforce skill building, reskilling, and 
upskilling to meet the evolving needs of the sector.

What is the Need for Estimating Renewable Energy Jobs?
As renewable energy technologies evolve rapidly—ranging from solar photovoltaics and wind turbines 
to battery storage, green hydrogen, and smart grids—India’s energy ecosystem is becoming increasingly 
sophisticated. The growth of these technologies is driving the expansion of entire value chains, from 
manufacturing and infrastructure development to operations, maintenance, and service industries. Allied 
sectors like power electronics, materials, critical minerals, transport, and digital and financial services are 
now deeply interconnected with the clean energy space, thus amplifying both job creation potential and 
economic opportunities. In this light, estimating clean energy jobs becomes essential. Detailed information 
on job opportunities across sectors, skill distribution, requirements across job roles, and gender 
participation, can aid: 

	y Policymakers in designing appropriate measures to support the growth of sectors with high 
employment potential: The intensity of labor requirements differs across sectors and geographies 
(urban/rural). Policymakers can support the unlocking of clean energy technologies that have a 
high employment potential. 

	y Inform the design and implementation of skill development and training programs: Based 
on global projections, as of August 2022, approximately 140 lakh (14 million) new clean energy 
jobs could be created, with an additional 160 lakh (16 million) workers expected to transition 
into new clean energy roles by 2030.5 Such workforce data is vital for a country like India, which is 
home to one of the largest labor forces in the world (with almost 500 million people in the labor 
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force as of 2020) and pursuing ambitious renewable energy goals.6 It can help guide investments 
in education, training, and ecosystem development, ensuring that the workforce keeps pace with 
technological changes, thus maximizing the social and economic benefits of the transition. Robust 
clean jobs data can help policymakers and industry leaders anticipate future workforce needs. It 
can also inform strategies for targeted skill building and reskilling programs, thus ensuring that the 
labor resource needs of this fast-changing sector are adequately met. 

	y Enable a gender-balanced and equitable energy transition: Women remain underrepresented 
in the workforce both in India and globally. Gender inclusion is not just an equity issue—it drives 
innovation, strengthens sustainability, and ensures a just transition for all. Achieving this begins with 
accurately analysing the current representation trends of women in the workforce and leadership.
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2.	 OBJECTIVES OF THE STUDY

The objectives of this study are to:

	y Analyse the quantum of workforce employed in the clean energy industry in India.

	y Quantify the labor intensities across various roles within each technology segment. 

	y Assess the participation of women in the clean energy workforce. 

	y Examine the skills levels of various clean energy sector jobs.

Together, these objectives provide a comprehensive baseline of India’s clean energy workforce, 
thereby informing the steps needed to scale capacity, strengthen skills, and advance inclusion as the 
sector expands.

Image source: iStock
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3.	 METHODOLOGY

This section expands on the methodology and data analysis used in this study. A comparison of the current 
study with four other studies available globally is provided in Annexure 1. The methodologies used in these 
studies are reviewed and compared across several parameters including geographical coverage of the 
study, scope of the jobs examined, sectors included in the study, types of jobs assessed (direct, indirect or 
induced), sources of data, survey, and job estimation techniques.

This study estimates the direct jobsiv created during the component manufacturing, deployment, and 
operation stages in the solar (ground-mounted, floating, rooftop, mini-grids, streetlight, modules 
manufacturing, solar pump manufacturing), wind (on-shore), bioenergy (compressed biogas (CBG), 
biomass to power, biogasv, pellet and biodigester manufacturing), and small and large hydropower 
(deployment and turbine manufacturing) sectors. The direct jobs are estimated using the full-time 
equivalent (FTE) coefficient methodology, which allows standardization and comparison of jobs of varying 
duration by converting them to full-time equivalent jobs.7 

The FTE coefficients have been developed based on a primary survey of companies engaged across 
various clean energy sectors. Structured questionnaires were used to collate information on assessing 
different aspects of jobs in the clean energy sectors, and this information was then used to develop the 
corresponding employment coefficients. The first set of questions focused on company-wide details 
such as total workforce employed, participation of women in the workforce, capacity management, 
investments in automation, among others. The second set of questions focused on understanding project-
level information on workforce needed, time taken, and skill profile of the workers at each stage. The 
surveyed companies were requested to share these details for any recently commissioned project. Due to 
a low number of responses from the bioenergy sectors, the questionnaire was strategically shortened to 
concentrate on employment and capacity data, thereby improving participant response rates. Annexure 2 
shows the sample questionnaire for biomass to power developers. 

Figure 1: Process Followed to Develop the Full-time Equivalent Employment Coefficients

Questionnaire 
development

Developing a 
database of 
companies

Setting up 
in-person and 

online interviews

Conducting 
interviews

Data cleaning 
and validation

Data analysis

Validating 
emerging 
findings

Roundtable 
with industry 
stakeholders

iv	 Jobs created are different from the workforce added. A single worker can hold multiple short-term jobs across the years, i.e., 
total jobs created will always exceed the workforce employed. For example, workers trained for earlier capacity additions 
continue contributing to new deployments, so only the incremental new workers required constitute additional workforce. 
This report estimates both the additional workforce added in the past four years and the total jobs generated in meeting 
India’s 500 GW target.

v	 This includes biogas flexi model, plants of approximately 2 cubic meters designed for household use.
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Table 1 shows the scope of the primary survey of companies in the focused clean energy sectors. More 
than 1,200 companies were identified based on the market research reports. It is to be noted that while 
there are 51 generating companies, including private, central government-level, and state government-
level entities, in the large hydropower sector, not all of these companies were approached for the study. As 
only state or central-level companies that had commissioned a project in the last 10 years were considered 
for the purpose of the study, this reduced the target population size to nine.8 9 10

Project developers, engineering, procurement and construction (EPC) firms, vendors, and manufacturers 
across all the identified sectors were contacted for the data collection survey. 

Table 1: Number of Companies Targeted for the Primary Survey to Develop the FTE Coefficients

Clean Energy 
Technology or Sector

Sub-sectors
Total Number of 

Companies Identified for 
the Survey

Total Number of 
Companies Approached 

for the Survey

Solar Project 
Deployment

Ground-mounted Solar 104 104

Rooftop Solar* 222 222

Floating Solar 18 18

Mini-grid 26 26

Solar Water Pump** 57 57

Solar Streetlight** 24 24

Solar Component 
Manufacturing

Solar Cell 22 22

Solar Module 82 82

Solar Inverter 40 40

Mounting Structure 41 41

Wind Project 
Deployment

 Wind 99 99

Wind Component 
Manufacturing

Manufacturers of 
Components such as 
Blade, Nacelle, Tower, 

Control Boxes

40 40

Bioenergy Project 
Deployment

Biomass to Power 53 53

Supply Chain Operators 25 25

Biogas 15 15

Pellet Manufacturing 25 25

CBG 81 81
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Clean Energy 
Technology or Sector

Sub-sectors
Total Number of 

Companies Identified for 
the Survey

Total Number of 
Companies Approached 

for the Survey

Bioenergy Component 
Manufacturing

Biodigester 
Manufacturing

7 5

Hydropower Project 
Deployment

Small Hydropower 120 120

Large Hydropower 51 9

Total 1,064 1,022

Note:
* Rooftop Solar covers companies and projects for commercial, industrial, and residential installations.
** While there are multiple decentralized clean energy technologies, such as solar sewing machines, solar dryers, biomass-based cold 
storage, etc., the survey focused on solar water pumps and solar streetlights as they have the highest number of deployments (above 
20,000 units deployed) and dedicated government support to accelerate deployment.

Source: CEEW-NRDC Analysis, 2026 

Within the solar sector, we focus on deployment of workforce in the ground-mounted solar (such as solar 
parks and open access projects), rooftop solar, and floating solar sectors, along with decentralised systems 
that include solar pumps and solar streetlights. Manufacturing covers solar cell and module manufacturing, 
as well as the balance of system components such as inverters and mounting structures. The wind sector 
covers onshore wind project deployment and the manufacturing of blades, nacelles, towers, and control 
boxes. In the bioenergy sector, the focus is on the deployment of the biomass to power and bio-CNG 
production plants, along with the manufacturing of biodigesters. Hydropower technology includes the 
deployment of workforce in both small and large projects, and components such as turbines, generators, 
valves, penstock, control systems, gates, pumps, and others. 

This study focuses on direct jobs, which refer to those generated during deployment or in manufacturing 
activities. However, clean energy jobs can also be indirect and induced. While indirect jobs include 
financing of projects, insurance, ancillary industries, etc., induced jobs include jobs funded from the 
earnings of employees, such as services (restaurants, hotels, etc.) arising in the area of deployment. This 
study does not estimate indirect or induced jobs.

Another important aspect to consider when estimating clean energy jobs is the duration of the jobs 
created: short-term or long-term. For instance, the construction jobs in developing a clean energy project 
will be short-term, lasting only until the construction continues. These are one-time jobs, whereafter, the 
workers are absorbed into new projects. Meanwhile, jobs under the operation and maintenance (O&M) 
phase continue for the lifetime of the plant, which can range from 25 to 30 years in the case of larger-
scale wind and ground-mounted solar sectors to longer for the hydropower sector. On the other hand, all 
activities in the manufacturing sector are considered to be ‘long-term’ as they will be required for as long as 
the production continues. This report focuses on both the short-term and long-term types of jobs.

Table 2 shows the key activities considered for project deployment and manufacturing across various 
technologies. The FTE coefficients have been developed for each of these activities for all sectors. Large 
hydropower sector is the only exception, where the FTE has been developed only for the O&M phase as 
the hydropower companies contacted during the survey did not maintain reliable data for the initial phases 
(business development, design and pre-construction, and construction and commissioning).vi

vi	 Based on primary consultations with hydropower companies and other stakeholders in the sector. The lack of reliable data is 
due to the longer duration (around 10 to 12 years) of developing a large hydropower system and the contractual nature of work 
leading to gaps in available data.
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Definition of business phases:

	y Business development: This phase refers to the pre-development phase and involves activities like 
estimations, pricing, budget, land, government liaison, etc. 

	y Pre-construction: This phase refers to designing a project and other pre-construction activities.

	y Construction: This phase refers to field activities like site preparation, construction, installation, and 
grid integration.

	y Operation and Maintenance (O&M): This phase refers to the operation and maintenance 
of the project.

Table 2: Individual Phases Considered, Across Technologies, to Develop Corresponding FTE Coefficients 

Technology Sub-sector Activities Covered 

Solar 

Deployment: Ground-mounted, 
Rooftop, Floating, Mini-grids 

Business Development, Design and Pre-construction, 
Construction and Commissioning, O&M

Manufacturing: Module, Cell, Inverters, 
Mounting structures 

Procurement, Design, Production, Business 
Development, Corporate Functions (such as finance, 
legal, HR)

Decentralised 
Renewable 
Energy 
Applications 

Solar Street Lights 
Solar Streetlight Manufacturing, Controller 
Manufacturing, System Integration

Solar Water Pumps
Pump manufacturing, Controller manufacturing, 
System integration

Wind 

Deployment: Wind (onshore)
Business Development, Design and Pre-construction, 
Construction and Commissioning, O&M

Manufacturing: Nacelle, Tower, Blade, 
Hub and Control Box Manufacturing 

Procurement, Design, Production, Corporate Functions 
(finance, legal, HR)

Bioenergy

Deployment: Biomass to Power, CBG
Business Development, Design and Pre-construction, 
Construction and Commissioning, O&M

Biogas Business Development, Installation, O&M

Pellet Manufacturing Business Development, Collection of Feedstock, O&M

Biodigester Manufacturing 
Procurement, Design, Production, Business 
development, Corporate Functions (finance, legal, HR)

Hydropower 
Deployment: Small Hydropower 

Business Development, Design and Pre-construction, 
Construction and Commissioning, O&M

Deployment: Large Hydropower O&Mvii

Source: CEEW-NRDC Analysis, 2026

The skill requirements vary across the clean energy sectors and across the activities under different 
phases listed in Table 2. This study identifies these skill sets and classifies the skilled workforce under 
three categories: low-, semi-, and highly-skilled. These are defined and mapped as per the National Skills 
Qualifications Framework (NSQF) levels as discussed below.11

vii	 Based on primary consultation with companies, the typical duration of developing a large hydropower system is about 10 to 12 
years. It changes further depending on the project and location. Many companies contacted did not maintain reliable data for 
these initial phases. Hence, the scope is limited to operation and maintenance.
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	y Low-skilled: These are roles where no formal education is required. The individual carries out 
repetitive work and is familiar with common trade terminologies. This category corresponds to 
NSQF level 1 to 2. 

	y Semi-skilled: These are roles where technical qualification or vocational skills are required. 
The individual has limited responsibility for select tasks with limited problem-solving skills. This 
category corresponds to NSQF level 2.5 to 5.5.

	y Highly-skilled: These are roles that require engineering or advanced degrees. The individual 
has the responsibility of executing various deliverables and possesses knowledge of organisation 
strategy, practical or specialised areas as required. This category corresponds to NSQF 
level 6 and above. 

3.1	 Data Collection
An external survey agency was brought on board to conduct the primary survey, which collected data using 
structured questionnaires via in-person, telephonic, and online interviews. Each sub-sector mentioned in 
Table 1 had a separate questionnaire that allowed the development of sector-specific FTE coefficients. The 
questionnaires carried questions to identify the manufacturing or power generation capacity, the number 
of people employed across different business phases or departments, and the duration of these business 
phases in order to calculate the specific FTE coefficients. Respondents were asked to provide details for 
one recently completed project. The number and size of projects covered across different sectors are 
provided in Annexure 3. Large projects, in general, are thought to have a greater workforce efficiency as 
compared to smaller ones. Therefore, a mix of small, medium, and large projects was considered for this 
study to ensure that efficiencies across all project sizes are captured. 

The survey questionnaire also covered the theme of gender with questions on representation of 
women in leadership roles (corporate roles and company board memberships), participation of women 
across activities and business phases, and special initiatives to increase participation of women.viii The 
survey further included questions related to skills—specific skill requirements in the sector, difficulties in 
finding workforce with specific skill sets, and the impact of automation on jobs. Annexure 2 shows the 
questionnaire for biomass to power deployment. 

Data was collected from current employees in companies spanning different departments such as human 
resources, management, and project teams. The interviews with stakeholders were conducted in-person, 
telephonically, and virtually. One of the limitations of the survey exercise was that many companies in the 
population were no longer in operation at the time of this survey and therefore could not be contacted. 
Further, access to contact details for relevant officials from the departments mentioned above was not 
always possible. As a result, only about 750 companies out of the more than 1,000 companies 
targeted for the survey across sectors could be contacted for this study through email, phone, or 
in-person visits. 

Several factors impacted the responses to the survey, including concerns around data confidentiality and 
cross-team collaboration. For many organizations, disclosing employment and other sensitive information 
posed a significant data privacy concern, which prevented them from providing the requested information. 
Other reasons for the organizations’ inability to provide the requested information may have included low 
priority to participate in the jobs assessment study, human resources constraints, and lack of data sharing 
mandates. Moreover, the questionnaire’s requirement for cross-departmental data collection, combined 
with respondents’ time constraints due to conflicting priorities, resulted in many incomplete responses. As 
a result, the authors received fully completed responses from 529 companies.

viii	 Presence of women on the company’s board was a Yes/ No (binary) question. Thus, while data was received on whether 
companies have women on their boards, data was not collected on the number or proportion of women on company boards.
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3.2	 Data Cleaning and Validation
The data cleaning and validation process consisted of three steps: digitizing the data, data quality 
assessment (which included outlier analysis for sectors with high sample sizes), and validation. 

Several issues were identified during data quality assessment. In the deployment sectors, delays in the 
project were included in the total duration by the companies. Additionally, it was unclear whether missing 
data in certain phases represented unreported information or reflected the limited scope of the companies’ 
business activities. 

In the manufacturing sectors, it was observed that companies were often engaged in manufacturing 
multiple products. For instance, in wind manufacturing, companies often have overlapping teams working 
across multiple components. Thus, in the cases where respondents were unable to provide separate data 
on employee time allocation for each component, such responses were excluded from the sample. 

For the ground-mounted solar, rooftop solar, and wind deployment sectors, outliers were detected using 
Z-scores. Outlier analysis was conducted for these sectors due to the availability of a large sample to 
conduct such an analysis. After identifying outliers (standard deviation of three and above) and other data 
points that may need validation, validation calls were made to back-check the data. For the other sectors, 
at least 30 percent of the sample was validated. Meanwhile, for sectors with a sample size below five 
companies, 100 percent of the sample was validated. 

Validation calls were made to ensure that data for key variables such as project size, workers in each phase 
or department, and duration of each phase was correct. In some cases, different team members of the 
same project or facility were contacted to verify the data. Responses with outliers or other data quality 
issues that could not be validated were dropped. 

After undergoing a rigorous data cleaning and validation process, 255 responses out of the 529 
received responses were included in the final sample.

Figure 2: Process of Finalizing Sample Group from Received Responses for  
FTE Employment Coefficient Development

Companies 
Targeted1022 

Responses 
Received529 

Final 
Sample255 

Source: CEEW-NRDC Analysis, 2026
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Table 3: Sector-wise Break Down of Sample Sizes Used to Develop  
FTE Employment Coefficients and Case Studies

Technology

Number of 
Companies 
from which 
Responses 

were 
Collected

Number of 
Companies 
in the Final 

Study Sample 
After Data 

Cleaning and 
Validation

Total Market 
Size of the 

Companies in the 
Sample (based 
on installed RE 
capacity, per RE 
Navigator 2024)

States and UTs Covered 
(Project Locations in Case 

of Deployment)

Ground-mounted Solar 46 19 27%

Rajasthan, Karnataka, 
Gujarat, Madhya Pradesh, 
Maharashtra, Telangana, 

Uttar Pradesh

Mini-grid* 5 2 - Maharashtra

Rooftop Solar 273 135 18%

Andhra Pradesh, Assam, 
Bihar, Chhattisgarh, New 
Delhi, Gujarat, Haryana, 

Himachal Pradesh, Jammu 
& Kashmir, Jharkhand, 

Karnataka, Kerala, Madhya 
Pradesh, Maharashtra, 

Odisha, Punjab, Rajasthan, 
Tamil Nadu, Telangana, 

Uttar Pradesh, Uttarakhand, 
West Bengal, Andaman 

and Nicobar Islands, and 
Chandigarh

Floating Solar 3 3 Not available (NA)
Telangana, Jharkhand, 

Punjab

Solar Water Pumps (only 
pumps manufacturing 

and installation) 
6 4 NA

Maharashtra, Madhya 
Pradesh, Uttar Pradesh, 

Assam

Solar Pumps (solar PV 
installation only)

11 0 NA -

Solar Street Lights* 2 1 NA Uttar Pradesh

Wind Deployment 23 19 24%
Gujarat, Karnataka, Tamil 
Nadu, Andhra Pradesh

Solar Module 
Manufacturers

19 8 16%
New Delhi, Maharashtra, 

Karnataka

Biomass to Power** 4 1 NA Punjab, Haryana

CBG 20 9 NA
Rajasthan, Uttar Pradesh, 

Punjab, Karnataka, Gujarat 

Supply Chain Operators 1 0 - -
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Technology

Number of 
Companies 
from which 
Responses 

were 
Collected

Number of 
Companies 
in the Final 

Study Sample 
After Data 

Cleaning and 
Validation

Total Market 
Size of the 

Companies in the 
Sample (based 
on installed RE 
capacity, per RE 
Navigator 2024)

States and UTs Covered 
(Project Locations in Case 

of Deployment)

Wind Turbine 
Manufacturing

7 1 28% -

Biogas Flexi Model 
Deployment and 
Manufacturing*

27 4 NA Gujarat, Madhya Pradesh

Pellet Manufacturers 15 6 NA
Rajasthan, Haryana, Punjab, 

Karnataka, Maharashtra 

Small Hydropower 55 42 NA
Himachal Pradesh, 

Uttarakhand, Kerala, Jammu 
& Kashmir, Sikkim 

Large Hydropower*** 1 1 NA
Manipur, Himachal Pradesh, 
Uttarakhand, Sikkim, Ladakh, 

Jammu & Kashmir

Hydropower 
Manufacturers

1 0 - -

Total 529 255

Note:
Market size data was inconsistently available across our sample survey sectors. While RE Navigator provided specific market share for 
some companies, smaller players were frequently aggregated under an ‘Other’ category. Consequently, this report considers individual 
market share only for large-scale companies with verifiable data; smaller entities are not included in the market share specified.
* Case studies developed, however, not included in FTE analysis.
** While responses were received from only one company, data was collected for 10 projects.
*** While responses were received from only one company, data was collected for 20 projects in the O&M phase.

Source: CEEW-NRDC Analysis, 2026 and analysis of RE Navigator (Bridge to India) 2024 

To assess the trends of representation of women in the workforce, companies were requested to share 
information on participation of women in the workforce at a company-wide level. This was in addition to the 
project-level information sought for FTE employment coefficients. It must be noted that not all companies 
shared data on women’s participation in the workforce. Hence, the sample size for assessing the gender 
representation in the renewable energy workforce is smaller than that for employment coefficients. 
This study has not reported data for sectors where responses for gender participation were limited. 

Following the data cleaning and validation steps, 159 companies were included in the study sample 
for the analysis on the representation of women in the workforce (Figure 3), compared to the final 
study sample for developing FTE employment coefficients that had 255 companies. The sectors covered in 
the gender analysis study included rooftop solar, ground-mounted solar, wind deployment, solar module 
manufacturing, solar pumps, floating solar, and wind manufacturing.
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Figure 3: Sector-wise Break Down of the Sample of 159 Companies Used for Gender Analysis Study 

Module Manufacturing 

Wind Manufacturing

Wind Deployment
FSPV
Ground-mounted Solar

Solar Pumps
Rooftop Solar

Wind Deployment
13%

Module Manufacturing
11%

Solar Pumps
3%

FSPV
2%

Rooftop Solar
47%

Wind Manufacturing
1%

Ground-mounted Solar
25%

Source: CEEW-NRDC Analysis, 2026

3.3	 Full-Time Equivalent (FTE) Employment Coefficients and 
Data Analysis 

This study uses the primary responses from the survey to develop annual Full-Time Equivalent (FTE) 
employment coefficients (in job-years per MW or other unit depending on the renewable energy sector) 
for capacity deployment and manufacturing. The general approach to developing the FTE employment 
coefficients involves the following steps: 

1.	 Dividing the process of capacity deployed or manufactured into different business phases.

2.	 Calculating the FTE (job-years) for each phase (both for deployment and manufacturing) 
for each company.

3.	 Calculating the FTE (job-years) per unit of capacity installed or manufactured for the specific phase.

4.	 Calculating the average FTE (job-years) per unit capacity installed or manufactured for the specific 
phase by including responses from all the companies included in the study.

5.	 Calculating the sector FTE (job-years) per unit capacity installed or manufactured by adding the 
average FTEs of all phases.

Step 1: �Dividing the process of capacity deployed or manufactured into 
different phases

There are four phases for capacity development: business development, design and pre-construction, 
construction and commissioning, and operation and maintenance.

There are five phases for capacity manufactured: material procurement, technical (includes engineering 
and design), production, business development, and corporate.
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Step 2: �Calculating the FTE (job-years) for each phase (both for 
deployment and manufacturing) for each company 

The calculation of the FTE for a specific phase is explained below using business development phase as an 
example. Calculations are done separately for deployment and manufacturing. 

Deployment Sectors

FTE (job-years) is the ratio of the time taken to complete an activity to the standard working days in a 
year. The standard working days differ for different sectors such as agriculture, manufacturing, etc. For 
calculations in this report, 260 has been assumed to be the standard working days to calculate FTE (job-
years) for all phases of the deployment sectors.ix As all phases have different durations, including the 
standard working days in the denominator makes them comparable to each other. 

The FTE (job-year) for the business development phase for a company is therefore calculated as: 

FTE (job-years) Business Development =

Total Number of Workers Needed * Percentage of Time Spent by Workers 
on this Project * Duration of Business Development Phase (days)

Standard Working Days in a Year (260)

Similarly, the FTE is calculated for the other deployment sector phases, i.e., design and pre-construction, 
construction and commissioning, and operations and maintenance. 

Manufacturing Sectors

For the manufacturing sectors, the standard working days is assumed to be 365. Since manufacturing 
continues all throughout the year, the time taken to complete the activity is also assumed to be 365 days.

FTE (job-years) Business Development =

Total Number of Workers Needed 
* Duration of Business Development Phase (days) (365)

Standard Working Days in a Year (365)

Similarly, the FTE is calculated for the other manufacturing sector phases, i.e., material procurement, 
technical, production, and corporate. For solar pumps manufacturing, additional business phases of system 
installation and O&M are included. 

Step 3: �Calculating the FTE (job–years) per unit of capacity installed or 
manufactured for the specific phase

Deployment Sectors

The FTE per unit capacity (job-years/MW) for a specific phase is calculated by dividing the FTE (job-years) 
for the phase by the capacity deployed (in the relevant unit i.e. MW, tons per day, etc.).x The capacity unit is 
sector specific, and often is the standard unit in that sector. For example, the unit is MW for solar and wind 
deployment sectors, and tons per day (TPD) for the Biomass and CBG sectors. These units have not been 
made comparable to ensure usability and better interpretation of results. The following calculation is for 
the FTE per unit capacity for the business development phase in the solar and wind sectors (that have MW 
as the capacity unit).

ix	 This figure represents the total working days, excluding weekends, throughout the year which comes to approximately 260 days. 
Based on stakeholder discussions, companies generally have a five-day work week.

x	 MW is used as an example. The actual unit is sector dependent.
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FTE (job-years/MW) Business Development =
Capacity of the Project Deployed (MW)

FTE (job-years) Business Development

Manufacturing Sectors 

The FTE per unit capacity (job-years/MW) for a specific phase in the manufacturing sector is calculated 
by dividing the FTE (job-years) for the phase by the capacity manufactured (in the relevant unit i.e. MW or 
horsepower). For solar modules and wind turbines, the capacity manufactured unit is MW, whereas for solar 
water pumps it is horsepower (HP). These units have not been made comparable to ensure usability and 
better interpretation of results. The following calculation is for the FTE per unit capacity for the business 
development phase for solar modules and wind turbines (that have MW as the capacity unit). 

FTE (job-years/MW) Business Development =
Capacity Manufactured Annually (MW)

FTE (job-years) Business Development

Step 4: �Calculating the average FTE (job-years) per unit capacity installed 
or manufactured for the specific phase by taking an average of 
responses from all the companies included in the study 

After calculating the FTEs for a phase for a particular company or project, the average FTE per unit for 
the specific phase for a sector is calculated by averaging the responses from all companies included in 
the study sample.

Average FTE (job-years/MW) Business Development =
n

∑
n
   FTE (job-years/MW)Business Development i ,i=1,2,…ni=1

where ‘n’ is the number of companies.

Similar approach is followed for calculating the average FTE per unit for the other phases as shown below:

Average FTE (job-years/MW) Design and Pre-construction =
n

∑
n
   FTE (job-years/MW)Design and Pre-construction i ,i=1,2,…ni=1

Average FTE (job-years/MW) Construction and Commissioning =
n

∑
n
   FTE (job-years/MW)Construction and Commissioning i ,i=1,2,…ni=1

Average FTE (job-years/MW) Operation and Maintenance =
n

∑
n
   FTE (job-years/MW)Operation and Maintenance i ,i=1,2,…ni=1

Similarly, the average FTE per unit is calculated for all the phases in the manufacturing sectors.
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Step 5: �Calculating the sector FTE (job-years) per unit capacity installed or 
manufactured by adding the average FTEs of all phases

Finally, the average of each phase of a sector across all companies is added to arrive at the FTE per unit for 
that sector. The following is the formula for the sector FTE per unit for a deployment sector:

Overall FTE per unit of the Sector,FTE (job-years/MW) Sector

= Average FTE (job-years/MW)Business Development

+ Average FTE (job-years/MW) Design and Pre-construction

+ Average FTE (job-years/MW) Construction and Commissioning

+ Average FTE (job-years/MW) Operation and Maintenance

For large hydropower sector, the FTE is computed only for the operation and maintenance phase. The 
formula is as follows: 

Average FTE (job-years/MW) Operation and Maintenance =
n

∑
n
   FTE (job-years/MW)Operation and Maintenance i ,i=1,2,…ni=1

where, ‘n’ is the number of projects. 

For the manufacturing sector, the formula for the sector FTE per unit is:

Overall FTE per unit of the Sector, FTE (job-years/MW) Sector = Average FTE (job-years/MW) Procurement

+ Average FTE (job-years/MW) Technical

+ Average FTE (job-years/MW) Production

+ Average FTE (job-years/MW) Business Development

+ Average FTE (job-years/MW) Corporate

3.4	 Key Assumptions of the Study
While specific assumptions have been mentioned across the methodology section, these are some of the 
general assumptions of the study: 

1.	 Self-reported employment information is considered accurate: While many companies, especially 
smaller companies, relied on recollections rather than a well-maintained database, it was assumed 
that the data provided by companies is accurate. To ensure data reliability, at least 30 percent of 
the responses were validated and in sectors where sample sizes were 5 and below, all responses 
were validated. 

2.	 Linear relationship between capacity gains and FTE employment coefficients: Annual capacities 
added in the sector and FTE employment coefficients are used to calculate jobs added in the last 
four years. It is assumed that the relationship between FTE and capacities is linear, and there are no 
economies of scale or technology gains as capacity increases. 
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4.	 EMPLOYMENT TRENDS IN THE 
CLEAN ENERGY DEPLOYMENT 
SECTORS

This section discusses the FTE coefficients for the deployment sectors—solar (ground-mounted, rooftop, 
and floating), wind, CBG, biomass to power, and large hydropower. It presents the FTE employment 
coefficients and the skills required for each sector based on the survey results and highlights the trends 
therein. Table 4 summarizes the sector FTE employment coefficients across sectors.

Table 4: Sector FTE Employment Coefficients for Deployment of Various Clean Energy Technologies

Sector Coefficient Unit (per year)

Ground-mounted solar 1 FTE (job-years)/MW

Rooftop Solar 44.68 FTE (job-years)/MW

PM-KUSUM Component A* 1.17 FTE (job-years)/MW

PM-KUSUM Component B** 47.91 FTE (job-years)/MW

PM-KUSUM Component C (IPS)*** 47.32 FTE (job-years)/MW

PM-KUSUM Component C (FLS)* 1.17 FTE (job-years)/MW

Floating Solar 2.21 FTE (job-years)/MW

Wind 0.65 FTE (job-years)/MW

CBG 9.91 FTE (job-years)/TPD

Biomass to Power 164.82 FTE (job-years)/MW

Small Hydropower 152.43 FTE (job-years)/MW

Large Hydropower**** 0.72 FTE (job-years)/MW

Notes:
* Ground-mounted solar FTE (for smaller systems below 2 to 3 MW) used as scheme targets smaller sized systems.
** Rooftop solar FTE for 5 kW systems, along with solar pumps systems installation FTE, have been used.
*** Rooftop solar FTE for 5 kW systems have been used.
**** FTE for O&M phase only

Source: CEEW-NRDC Analysis, 2026

4.1	 Solar
Solar is one of the leading clean energy technologies in India in terms of capacity installed. It is a 
geographically diverse resource that can be deployed over ground, rooftops, and water bodies. India’s 
solar potential varies across estimates due to differences in methodology. According to MNRE and the 
National Institute of Solar Energy’s 2025 report, India’s solar potential is estimated at approximately 
3343.37 GW.12 13 Other studies, such as the research by CEEW, show that the solar potential estimate 
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stands at 20,270 GW.xi 14 As of March 2026, India has a cumulative installed solar capacity stands of 
approximately 150 GW.15

Employment Coefficients
This report examines three types of solar capacity deployment: ground-mounted, rooftop, and floating 
solar. As explained in the previous section, employment opportunity is estimated for each project phase, 
which is averaged to get a sector-wide representative coefficient. Figures 4 to 6 summarize the results for 
three types of solar capacity deployment.

The study shows that among the three sub-sectors of solar energy, rooftop solar (44.68 FTE (job-years)/
MW) generates the maximum number of jobs, on a full-time equivalent basis, followed by floating solar 
(2.21 FTE (job-years)/MW) and ground-mounted solar (1 FTE (job-years)/MW). The number of jobs 
created by deploying one MW of rooftop solar projects per year is about 20 times more than that of 
a floating solar project, and 44 times more than that of a ground-mounted solar project. 

Figure 4: Phase-wise FTE Employment Coefficients for Ground-mounted Solar Sector
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Figure 5: Phase-wise FTE Employment Coefficients for Floating Solar Sector
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xi	 The difference in the potential estimates in the two sources is due to a difference in methodology. MNRE and NISE study 
estimates solar potential only on wastelands, using Land Use Land Cover (LULC) data provided by the National Remote Sensing 
Centre (NRSC). In contrast, the CEEW analysis considers a broader range of land types and draws on LULC data from the 
Environmental Systems Research Institute (ESRI).
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Figure 6: Phase-wise FTE Employment Coefficients for Rooftop Solar Sector
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The business phase with the highest job intensity varies for each sector based on sector-specific 
requirements. For instance, in the case of ground-mounted solar sector, the FTE employee coefficient 
or job intensity is highest in the construction and commissioning phase (45 percent of the total FTE). For 
rooftop solar, the business development phase has the highest job intensity (38 percent of total FTE), 
while for floating solar, it is highest in the O&M phase (63 percent of the total FTE) (Figures 4 to 6). The 
construction phase is often labor-intensive due to the range of activities undertaken in the civil work. Project 
maintenance, on the other hand, is a recurring activity that is carried out based on the project performance 
and the surrounding environment.16 For example, floating solar projects are constructed on reservoirs or 
lakes, which impacts the accessibility of these systems; water-based transportation is often required to 
reach the projects, thereby increasing the number of workers required for the maintenance phase.17 In the 
case of rooftop solar, business development phase requires high customer acquisition efforts, navigating 
the subsidies under PM Surya Ghar Yojana and/or state subsidies, thus leading to business development 
having a higher employment intensity. On the other hand, the design and construction phase for the 
rooftop solar sector has a relatively lower job intensity as the process is more standardized (with standard 
calculations around solar power required as per electricity usage and roof sizes).

Skill Levels of the Workforce

Figures 7 to 9 summarize the skill sets of the workforce engaged in different project deployment phases. 
Overall, in the solar sector, the majority of the workers (39 percent) are semi-skilled, followed by low-
skilled workers (35 percent). The deployment of ground-mounted installations is mainly driven by 
semi- or low-skilled workers, who represent about 78 percent of the total workforce. Meanwhile, rooftop 
solar installations have the highest share of highly-skilled workforce, mainly driven by business 
development and design and pre-construction phases. It must be noted that the study sample for 
the information on skill levels of the workforce was limited to only 23 companies for the rooftop solar 
sector analysis. 

Across the three solar sub-sectors (ground-mounted, rooftop, and floating), the business development 
and the design and pre-construction phases require highly- or semi-skilled workers only. This can be 
attributed to the specific requirement of these roles, which involve business intelligence, networking, 
product knowledge, strategic thinking, financial acumen, client relationship management, land liaison, 
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knowledge about regulations, and an understanding of market dynamics. On the other hand, the 
construction and commissioning phase, across the three sub-sectors, has the highest share of low-
skilled workers.

Figure 7: Distribution of Skill Levels Across the Ground-mounted Solar Sector
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Figure 8: Distribution of Skill Levels Across the Floating Solar Sector
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Figure 9: Distribution of Skill Levels Across the Rooftop Solar Sector

0 20 40 60 80 100

Overall

O&M

Construction and 
commissioning

Design and 
pre-construction

Business Development

B
U

SI
N

E
SS

 P
H

A
SE

Low-skilledSemi-skilledHighly-skilled

SKILL DISTRIBUTION

58 42

53 47

30 33

35 32

41 38

37

33

21

Source: CEEW-NRDC Analysis, 2026

4.2	 Wind
Wind is an important clean energy source for India. It can be deployed both onshore and offshore. While 
offshore wind installations are yet to materialize, India has a mature onshore wind generation industry. As of 
March 2026, the cumulative installed wind energy capacity reached 56 GW.18

Employment Coefficient
Based on the survey responses, the deployment of a MW capacity onshore wind project generates about 
0.65 FTE (job-years)/MW (Figure 10). The maximum number of jobs per MW per year is created in the 
construction and commissioning phase (35 percent of total), closely followed by the business development 
phase (34 percent of total).

Figure 10: Phase-wise FTE Employment Coefficients for Wind Project Deployment
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Skill Levels of the Workforce
Approximately 62 percent of the jobs created in the wind deployment sector require highly- or 
semi-skilled workers (Figure 11). While the share of highly-skilled workers is more than 50 percent in the 
business development and design and pre-construction phases, about 50 percent of the total workforce 
required in the operations and maintenance and construction and commissioning phases is low-skilled. 

Figure 11: Distribution of Skill Levels Across the Wind Deployment Sector
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4.3	 Bioenergy
Bioenergy is a promising clean energy source and can be obtained in various forms, such as Compressed 
biogas (CBG), using biomass to power, and biogas. This sector has varying business and operational 
models of collecting feedstock, such as having dedicated employees for collection or contracting a 
third party to collect and supply feedstock. This study has developed FTEs for the CBG and biomass to 
power sectors, along with FTEs for collection of feedstock and for pellet manufacturing. Additionally, 
case studies are discussed for the biogas (flexi model) and biodigester manufacturing, under sections 
4.8 and 5.5 below.

4.3.1	 Compressed Biogas (CBG)
CBG is produced from biomass residue and waste through the process of anaerobic decomposition. 
As per the Sustainable Alternative Towards Affordable Transportation (SATAT) portal, India has 138 
commissioned CBG plants and 96,513 tons of CBG sold in FY26, with capacities ranging from 2 TPD to 
more than 33 TPD.19

Employment Coefficient
Based on survey responses from nine CBG producers, a CBG project creates 9.91 FTE (job-years)/
TPD for every unit of processing capacity (measured in tons per day) (Figure 12). The construction and 
commissioning phase create the highest number of jobs (34 percent), followed by the O&M phase, which 
contributes 28 percent to the total FTE. 

The FTE for feedstock collection and transportation activities has been calculated using limited data 
(received from only five companies). The calculated FTE for this phase is 5.63 FTE (job-years)/TPD (not 
displayed below). The feedstock collection phase is more jobs-intensive than the construction and 
commissioning phase (3.33 FTE (job-years)/TPD). 
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Figure 12: Phase-wise FTE Employment Coefficients for CBG Sector
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Skill Levels of the Workforce
The CBG sector employs a significant number of low-skilled workers. Across different phases, the 
contribution of low-skilled workers is approximately 47 percent (Figure 13).

Figure 13: Distribution of Skill Levels Across the CBG Sector
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4.3.2	 Biomass to Power 
Biomass to power involves the use of bagasse and non-bagasse biomass for power generation activities. 
Non-bagasse biomass includes the use of crop residues of crops such as rice, wheat, and others. Currently, 
India has 9,821 MW of bagasse and 1047 MW of non-bagasse installed biomass power capacity.20 While 
Maharashtra leads in bagasse-based biomass power, Punjab leads in non-bagasse-based biomass power. 
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Employment Coefficient
Currently, a Biomass to power project generates a total of 164.82 FTE (job-years)/MW (Figure 14). This is 
primarily driven by the labor-intensive process of feedstock collection (contributing over 35 percent to the 
FTE), followed by the construction phase (contributing to 25 percent of the FTE).

Figure 14: Phase-wise FTE Employment Coefficients for Biomass to Power Sector
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Skill Levels of the Workforce 
This sector relies predominantly on a low-skilled workforce. The collection and transportation phase has 
the highest number of low-skilled workforce, where almost 70 percent of the requirement is for low-skilled 
workers (Figure 15). The proportion of semi-skilled workforce is between 24 and 30 percent across all 
phases. Highly-skilled workers are least prominent in the collection of feedstock and transportation phase. 

Figure 15: Distribution of Skill Levels Across the Biomass to Power Sector
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4.4	 Large Hydropower
As of March 2026, India had installed 51.41 GW of large hydropower capacity in the country. The majority 
of the large hydropower projects are installed in Himachal Pradesh, Uttarakhand, and Karnataka.21 

Employment Coefficient
As mentioned in Section 3, only the employment created during the O&M phase is estimated for the large 
hydropower sector as part of this study. This is derived from examining the current workforce engaged in 
20 projects of one company. Based on these responses, the O&M phase creates about 0.72 FTE (job-years) 
per MW. No data was shared on the skill level requirements for any projects in this sector.

4.5	 Small Hydropower
In India, a hydropower project with a capacity less than or equal to 25 MW is considered a small 
hydropower project.22 As of March 2026, India had about 5 GW of installed capacity of small hydropower.23 
Small hydropower plants can remain operational for decades and thus have a longer life as compared to 
solar and wind plants.

Employment Coefficient
The small hydropower sector has a total FTE of 152.43 FTE (job-years)/MW. The construction and 
commissioning phase has the highest workforce requirement, making up 86 percent of the FTE in the small 
hydropower sector. The FTEs for the O&M and business development phases have similar labor intensities.

Figure 16: Phase-wise FTE Employment Coefficients for Small Hydropower Sector
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Skill Levels of the Workforce
48 percent of the total jobs in the small hydropower sector require low-skilled workers (Figure 17). In 
the construction and commissioning phase, 54 percent of the total workforce is made up of low-skilled 
workers. While all other phases require a majority of low-skilled workers, the O&M phase is an exception 
where most workers belong to the semi-skilled category.
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Figure 17: Distribution of Skill Levels Across the SHP Sector
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4.6	 Solar Pumps Installation
Installation of groundwater water pumping systems powered by solar energy (solar pumps) across the 
country have been boosted by the Government of India’s Pradhan Mantri Kisan Urja Suraksha Evam 
Utthaan Mahabhiyan (PM-KUSUM) scheme (under Component B). While the pump sizes typically vary from 
2.5 HP to 10 HP, the 5 HP pumps are the most commonly installed ones in India. The solar power panel 
installed, as part of the solar pump installation, is standardized with the associated motor-generator set 
power. For example, a 5 HP motor pump set is installed with a 5 kW solar panel.

The survey questionnaire for this report’s study received responses from nine companies on 11 projects. 
The overall installation data and the associated employees involved varied widely between projects and 
companies, and consensus could not be reached even through industry validation. Therefore, the FTE 
employment coefficient for the solar pumps installation sector was calculated by adding the FTE for motor 
pump sets with the FTE for a typical rooftop solar installation of 5 kW (Table 5). Installation of a typical 
rooftop solar is similar to that of the solar power associated with pumps, given the similar structure and 
electrical and solar components. 

Table 5: FTE Calculation for Installation of Solar Pump

FTE (job-years)/MW

Installation of Solar Component* 47.323

Installation of Motor Pump Set 0.586

Total FTE/MW 47.909

Note: 
* Used the FTE for installation of a 5 kW rooftop solar system

Source: CEEW-NRDC Analysis, 2026
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4.7	 Case Study: Employment Trends in Solar Mini-grids 
Deployment

Mini-grids are small renewable energy systems combined with a battery or generator that provides 
electricity.24 As noted by a World Bank report, solar mini-grids can provide high-quality uninterrupted 
electricity to nearly half a billion people in unpowered or underserved communities and be a least-cost 
solution to reduce the energy access gap.25 India currently lacks a dedicated national mini-grid policy. 
However, some states, such as Bihar and Jharkhand, have implemented solar mini-grid policies. 

The survey received two responses from the mini-grid sector (Table 6). The first one was from a 0.1 MW 
plant that took 120 days to complete and employed about 120 people across business phases. Further, the 
O&M activities were conducted for approximately 300 days per year. The second response was from a 1 
MW plant that took approximately 80 days from business development to commissioning, and required an 
additional 32 days per year for O&M. 

Table 6: Workers Needed to Deploy Two Mini-grid Projects of Varying Capacities

0.1 MW Plant 1 MW Plant

Number 
of 

Workers

Duration of 
the Phase 

(days)

Time Spent 
by Workers 

on this 
Project

Number 
of 

Workers

Duration of 
the Phase 

(days)

Time Spent by 
Workers on 
this Project

Business 
Development

2 40 100% 4 30 50%

Design 2 40 100% 10 30 50%

Construction and 
Commissioning

11 40 100% 10 21 50%

Operations and 
Maintenance

1 296 100 % 9 32 50%

Total 16 416 33 113

Source: CEEW-NRDC Analysis, 2026

Based on Table 6, while the construction and commissioning phase generated higher person-dayxii 
requirements for the smaller plant, the design phase generated higher person-days for the larger plant. 
This may be due to the larger area covered by bigger systems, and the resulting need for extensive 
planning prior to construction.

By providing an efficient source of electricity supply and cutting down transmission losses, mini-grids offer 
reliability in more remote, inaccessible areas where power grid reliability is often low. Simultaneously, 
mini-grids offer job opportunities to locals especially in long-term O&M activities and can drive economic 
growth in rural communities.26 

The survey results also revealed that mini-grid deployment requires a combination of technical 
skills in electrical engineering and solar system design, operational capabilities in troubleshooting 
and maintenance, and soft skills including problem-solving, adaptability, training, handover, and 
collaboration skills. 

xii	 Person-days is calculated by multiplying the number of people involved by the number of days they worked
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4.8	 Case Study: Employment Trends in Biogas Deployment 
The MNRE’s National Bioenergy Programme (NBP), with a provision of Central Financial Assistance, aims 
to support biogas plants that provide clean cooking fuel and electricity while reducing greenhouse gas 
emissions and improving sanitation. As of March 2025, 51 lakh (5.1 million) biogas plants have been set up 
in India. Maharashtra, Karnataka, and Uttar Pradesh are the leading states in biogas plant installations.27 

The survey for this study received responses from two companies—one for a 2 cubic meter plant and the 
other for two 40 cubic meter plants (Table 7). Both companies employed a similar number of workers for a 
comparable number of days, but deployed projects of varying capacities. 

Table 7: Comparison of Workers Needed to Deploy Biogas Plants of Different Sizes

Business Phase

2 cubic meter plant 40 cubic meter plant X 2 Nos.

Number of 
Workers 

Number of 
Women 

Duration 
(days)

Number of 
workers 

Number of 
Women 

Duration 
(days)

Business 
Development 

4 1 15 3 1 75

Installation 8 1 20 12 4 5

Operations 3 1 365 2 0 365

Maintenance 3 1 1 2 0 7

Total 16 4 401 19 5 452

Source: CEEW-NRDC Analysis, 2026

Based on Table 7, the operations phase of a biogas plant has the highest requirement of person-days in 
the case of both plants. While maintenance activities are typically scheduled annually, they may occur more 
frequently as needed. 

Both the companies in the sample have women employees, however, there is an opportunity for 
greater participation of women in the workforce. Given that rural areas have a high potential for biogas 
deployment, increasing awareness, participation, and training of rural women can help this clean fuel 
technology become more widely accepted among the rural communities, along with enabling higher 
participation of women in the deployment of biogas energy. 

4.9	 Case Study: Employment Trends in Solar Street Light 
Deployment

India’s solar street lighting sector is experiencing rapid growth, fuelled by a growing demand for 
sustainable, energy-efficient infrastructure across both rural and urban landscapes. Government initiatives 
like Atal Jyoti Yojana and Smart Cities Mission are key drivers, contributing to a market valued at USD 
1.07 billion in 2024, with an expected Compound Annual Growth Rate of 14.21 percent (over the period 
from 2025 to 2033).28 Solar street lighting systems are typically composed of photovoltaic panels, LED 
luminaires, batteries, charge controllers, and mounting poles.29 Most of these parts—like the pole, panel, 
and charge controller—are made in India. However, some important components like batteries and LED 
chips still need to be imported. The inherent modularity of solar street lighting systems allows them to be 
assembled with minimal technical training and thus makes them ideal for decentralized deployment by 
self-help groups, local entrepreneurs, women, and rural youth. 
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In many states, local governments and panchayats (local village councils) manage the procurement and 
installation of solar streetlights through urban and rural development programs and state subsidies 
support. Such a decentralized system, however, makes it difficult to get the specific deployment, 
installation, and employment data.

The survey received a detailed response on the employment opportunities created by the deployment of 
solar streetlights from one company, offering valuable insights. 

We received data on solar streetlight manufacturing from one company that produces and installs 50,000 
streetlights a year. Table 8 lists the number of workers needed by the company across the phases of 
deploying and manufacturing solar streetlights. As the company also has various other work verticals, 
the proportion of time spent by the company on producing and installing solar streetlights has also been 
mentioned in Table 8. 

Table 8: Workers Needed to Deploy and Manufacture Solar Street Lights

Business Phase Number of Workers Time Spent by Company on Solar Streetlights 

Material Procurement 2 15%

Technical Support 4 15%

Production 25 30%

Business Development 4 15%

Corporate 2 100%

Systems Installation 35 30%

O&M 15 20%

Source: CEEW-NRDC Analysis, 2026

The data from Table 8 highlights that the systems installation and production phases have the highest 
workforce requirements, as both the processes of system installation in the field and the manufacturing 
and assembling of components are labor-intensive roles. A smaller but steady workforce is required 
for operation and maintenance activities, while there are relatively fewer workforce requirements in 
the corporate, business development, technical support, and material procurement phases, which are 
more specialized.

Participation of women in the workforce is most visible (25 to 30 percent) in the material procurement 
phase, with lower representation in technical and installation roles. Encouragingly, the company has 
initiated training programs to upskill women for roles in the production and manufacturing phases.

Despite promising data, these findings are not representative of the broader industry, underscoring the 
need for wider engagement. For example, training self-help groups in rural areas can lead to greater 
support for women-led operations and maintenance, however, the informal nature of their operations 
makes their impact hard to trace and quantify. Addressing these gaps is vital for scaling and sustaining 
clean energy initiatives and efforts. 
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Box 1: Insights on Skill Requirements in the Deployment Sectors

The survey questionnaires were designed not only to identify the skill levels across the job profiles 
in different phases of the projects, but also to generate insights into the specific skillsets needed 
at each stage. This dual lensed analysis of the data provides a deeper understanding of workforce 
requirements in the clean energy sector. The phase-wise organized findings are summarized 
in Table 9 below.

Table 9: Summary of Skills Required Across Different Phases of Deployment

S. No. Phase Key Skills Required

1
General/Cross-
cutting Skills

Business Communication; Technical Proficiency; Regulatory Knowledge; 
Quality Assurance; Civil, Mechanical, & Electrical Engineering; Remote 
Monitoring & Preventive Maintenance; Prior RE Sector Knowledge/Experience

2
Business 
Development

Business Intelligence; Knowledge of Ecosystem Partners; Product Knowledge; 
Project Management & Strategic Thinking; Financial acumen; Regulatory 
Knowledge; Client Relationship Management; Sales; Land Liaison; Market 
Dynamics Understanding

3
Design & Pre-
Construction

Project Management; Troubleshooting; Electrical Engineering; AutoCAD & 
Technical Software Proficiency; Quality Assurance; Construction Knowledge; 
Environmental Impact Analysis (esp. for hydropower sector); Site Assessment 
& Surveying; Civil & Mechanical Engineering; Sustainability Planning; DPR 
Preparation; Structural & Hydraulic Design Optimization; Risk Assessment & 
Mitigation in Design

4
Construction & 
Commissioning

Civil, Mechanical & electrical Engineering; Communication, Coordination 
& Negotiation; Teamwork & Leadership; Decision-making; Construction 
Knowledge; Commissioning Management Systems; Hydraulic & Hydro-
mechanical Engineering; Grid Integration; Land Procurement/Right-of-way 
Experience

5 O&M

Remote Monitoring; Preventive Maintenance; Safety; SCADA & Automation 
System Management; Environmental Monitoring & compliance; Electrical 
Maintenance & Troubleshooting; Mechanical Equipment Maintenance & 
Management; Advanced Software & Data Analysis; Forecasting

Source: CEEW-NRDC Analysis, 2026

In the case of business development-oriented work, these are some of the key skills that are found to be 
currently lacking in the workforce—limited expertise in project proposal and grant writing, knowledge 
of incentives and subsidies available for the renewable energy sector, and insufficient exposure to 
international market expansion. Further, the lack of expertise in skills such as digital marketing, contract 
negotiation, and bidding may affect the tender bidding process and effective scale-up or expansion in 
diverse domestic and potentially international markets.
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5.	 EMPLOYMENT TRENDS 
IN THE CLEAN ENERGY 
MANUFACTURING SECTORS

The study has examined the manufacturing of crystalline silicon-based solar modules, wind turbines, 
and solar pumps in the clean energy manufacturing sectors. This section discusses the employment 
opportunities and skills required for these three sectors.

5.1	 Solar Module Manufacturing 
India’s solar module manufacturing has grown over the last couple of years and stands at about 90 GW 
of nameplate capacity (i.e., maximum theoretical power output in ideal conditions) as of June 2025.30 
Although the domestic industry is expanding, India remains a net importer of solar modules.31 Currently, 
China dominates about 77 percent of the global supply chain for solar modules, including the machinery 
for solar module manufacturing.27 Solar module manufacturing units employ continuous assembly lines 
that are largely automated. Hence, the process is standardized across companies, and human intervention 
in production processes is limited. The focus of this report is limited to module assembly. The FTE 
employment coefficient excludes cell and wafer manufacturing. 

Employment Coefficient
According to the survey and data analysis, solar module manufacturing has a labor intensity of 1.51 
FTE (job-years)/MW. This is primarily driven by the business development phase, followed by the 
production phase. 

Figure 18: Phase-wise FTE Employment Coefficients for Solar Module Manufacturing Sector
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Skill Levels of the Workforce
The solar module manufacturing sector primarily requires highly- and semi-skilled workers (Figure 19). 
While the business development and corporate phases require a higher number of highly-skilled workers, 
the procurement, technical (including design), and production phases require more semi-skilled workers. 

Figure 19: Distribution of Skill Levels Across the Solar Module Manufacturing Sector
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5.2	 Wind Manufacturing 
Wind manufacturing is an established renewable energy sector in India, with the current annual production 
capacity of 18 GW.32 A wind turbine consists of different components, such as blades, nacelle, tower, and 
control box. Some companies manufacture all components, while others focus on manufacturing only 
some of the components. As per MNRE, India has achieved around 70 to 80 percent indigenization in wind 
manufacturing.33 

It must be noted that there was a lack of response from companies in the sector to participate in the survey 
for this report, with only one company submitting a fully completed response. However, the respondent 
holds approximately 28 percent of the market share among Indian wind turbine manufacturers. The 
respondent also manufactures all the wind turbine components, thereby allowing an insight into the 
labor intensity for a vertically integrated wind turbine manufacturing company. Figure 20 shows the labor 
intensity for each of the different components of the wind turbine manufacturing sector. 

Employment Coefficient
Among the different components of wind turbine manufacturing, blade manufacturing has the highest 
employment coefficient (1.05 FTE (job-years)/MW), followed by nacelle (0.206 FTE (job-years)/MW), 
tower (0.13 FTE (job-years)/MW), and control box (0.057 FTE (job-years)/MW). Upon adding these 
individual FTEs, the cumulative employment coefficient for wind turbines is calculated to be 1.44 jobs FTE 
(job-years)/MW. 
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Figure 20: Component-wise FTE Employment Coefficients for a Vertically Integrated  
Wind Turbine Manufacturing Facility
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Skill Levels of the Workforce
All the phases of the wind manufacturing sector primarily require a highly skilled workforce, making up 
70 to 80 percent of the jobs. The proportion of semi-skilled and low-skilled workforce is similar for the 
procurement, technical, and production phases. Semi-skilled and low-skilled workers together make up 30 
percent of the workforce in the business development and the corporate phases.

Figure 21: Distribution of Skill Levels Across the Wind Manufacturing Sector
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5.3	 Solar Pumps
Solar pump manufacturing is one of the key segments of the decentralized solar energy sector. As per 
MNRE, about 7,70,777 standalone solar pumps, of up to 7.5 HP capacity, have been installed in India, as of 
March 2025, under various components of the PM-KUSUM Scheme.34 
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Employment Coefficient
Based on the responses received in the survey for this report, the solar pump manufacturing industry 
generates 6.37 FTE (job-years) per MW (Figure 22). The production phase is the most labor-intensive, 
accounting for more than 32 percent of the overall FTE. 

Figure 22: Phase-wise FTE Employment Coefficients for Solar Pump Manufacturing Sector
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Skill Levels of the Workforce
Figure 23 shows the distribution of skills across the various business phases of the solar pumps manufacturing 
sector. According to the survey, the sector comprises primarily of semi-skilled workers, representing 48 percent 
of the overall workforce, followed by low-skilled workers, which account for 37 percent of the workforce.

Figure 23: Distribution of Skill Levels Across the Solar Pump Manufacturing Sector
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5.4	 Biomass Pellet Manufacturing
The biomass pellet and briquette manufacturing industry in India comprises more than 5,500 operational 
facilities, typically producing between 1,300 kg/hr and 1,700 kg/hr (data based on stakeholder 
consultations) of energy. Under the Biomass Program of the MNRE, central financial assistance is provided 
to help set up biomass pellet and briquette manufacturing plants.

Employment Coefficient
Following the data validation process, the study used data from 6 out of the 15 companies that had 
responded to the survey. The companies in the final sample have manufacturing plants with an energy 
output of 2.5 to 7 tons per hour (TPH). Based on the analysis, the biomass pellet manufacturing sector 
generates 8.04 FTE (job-years)/TPH. As Figure 24 suggests, the construction of the plant phase has the 
highest labor-intensity, followed by the feedstock collection phase.xiii

In terms of the skill levels of the workforce, the study shows that 62 percent of the workforce is made up of 
low-skilled workers, 25 percent are semi-skilled and 13 percent are highly-skilled.

Figure 24: Phase-wise FTE Employment Coefficients for Biomass Pellet and Briquette  
Manufacturing Sector
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With impetus from the Biomass Programme under MNRE, this sector holds significant promise for 
entrepreneurial development and rural economic advancement, including skill building opportunities 
for rural areas.

5.5	 Case Study: Employment Trends in Small Bio-digester 
Manufacturing

Biodigesters facilitate microbes to break down organic matter in the absence of oxygen, or anaerobic 
reaction, to produce biogas. The by-product of this treatment, called slurry, is used as high-quality fertilizer. 
Biodigesters are relatively simpler forms of biogas plants, typically used at domestic levels to treat 
sewage, farm waste, and organic waste. Over the past decade, there has been an increase in use of small 

xiii	 Feedstock collection is seasonal, and the FTE only represents employees working on the procurement, collection, and 
transportation phases. Other on-ground employment generated in storage, aggregation, and other ecosystem players (such as 
farmer producer companies, local agents, individual farmers, and direct suppliers) are not captured in this study.
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biodigesters, with various forms installed in railways facilities, farms, and remote military facilities.35 With 
approximately 17 percent of India’s Gross Domestic Product coming from the agricultural sector, and a 
livestock population of 535.78 million, the central government considers the biogas and biodigester sector 
to be important sources of clean energy. The MNRE, through the National Bioenergy Programme, provides 
central financial assistance to small biogas plants of production capacities ranging from 1 cubic metre to 25 
cubic metre per day.36

Due to incomplete responses from other respondents, this study presents data from only two companies 
that manufacture small biodigester units of 2 cubic metres, with an annual capacity of 3,000 units and 
12,160 units respectively (Table 10).

Table 10: Distribution of Workforce Across Phases for Two Biodigester Manufacturers

Business Phase

Manufacturer 1 with Annual Capacity 
of 3,000 units

Manufacturer 2 with Annual Capacity  
of 12,160 units

No. of Workers No. of Workers

Procurement 1 5

Production 2 27

Business Development 2 5

Corporate 1 5

Maintenance 2 5

Total 8 47

Source: CEEW-NRDC Analysis, 2026

Workforce requirement is equally distributed across the different phases in the case of the company 
with the lower manufacturing capacity. Meanwhile, in the larger company, workforce requirement is 
concentrated in the production phase, as it requires technical knowledge of chamber sizing, production 
material, and heavy manufacturing machinery. The smaller company manufactures approximately 375 units 
per person, compared to 250 units for the larger company.

With a relatively smaller size and simple design, biodigesters are commonly installed at the local level in 
rural areas, making it difficult to obtain extensive data on deployment information and system feedback. 

Box 2: Insights on Skill Requirements in the Manufacturing Sectors

In both the wind turbine and solar module manufacturing sectors, survey respondents emphasized 
the need for technical qualifications such as mechanical, electrical, and civil engineering; with 
respondents from the solar module manufacturing sector mentioning the additional requirement 
of technical professionals with ITI certification, diplomas, and MBAs. Equipment maintenance, 
finance, marketing, teamwork, and innovation were also emphasized as critical workforce 
competencies by respondents from the solar module manufacturing sector. Meanwhile, in the wind 
turbine manufacturing sector, the most highly desired skills included planning, expertise in turbine 
technology and instrumentation, land and liaison, automation, and analytics.  
 
A few sector-specific technical skills were highlighted by the respondents from the solar water 
pumps sector. Such as some of the hydrology-specific engineering competencies (needed for 
solar water pumps manufacturing) include fluid dynamics integration, flow optimization, pump 
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diagnostics and system design, along with battery-pump compatibility for energy storage. 
Technology integration expertise spans solar-electrical systems combined with mechanical 
pumping, smart controllers, remote monitoring, and predictive maintenance capabilities. 
The installation phase in the solar water pumps sector requires proficiency in techniques that 
integrate electrical, plumbing, and solar components, along with water system troubleshooting 
abilities. Knowledge of CSR opportunities and government policy represents another essential 
workforce requirement. 
 
Civil and mechanical engineering expertise emerged as a universal requirement across all the 
manufacturing sectors.

Image source: iStock
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6.	 EMPLOYMENT, SKILL, AND 
AUTOMATION TRENDS ACROSS 
SECTORS

Based on the analysis of employment and skill data discussed in the previous sections, these are some of 
the trends identified across sectors:

Trend 1: Deployment of distributed systems is more labor intensive than 
utility-scale systems
As seen in Section 4 (Table 4), household-level and/or distributed clean energy sources like biomass to 
power, small hydropower, and rooftop solar have the highest FTE employment coefficient per installed 
capacity. This is due to the small size of projects (for instance, a few kW for rooftop solar systems) in these 
sectors, which would require a higher number of projects to reach a specific MW capacity. In order to 
carry out distributed installations across multiple locations, more workforce is required in the design, 
construction, and O&M phases. On the other hand, sectors with larger project sizes, such as ground-
mounted solar, floating solar, and wind, require lesser workforce per installed capacity as a small team 
works at a single location over a longer duration. Additionally, in the ground-mounted solar and wind 
sectors, industry players leverage their capital resources to optimize deployment, resulting in higher 
efficiency levels and lower FTE per MW.

Trend 2: Business development phase contributes significantly to the total 
job opportunities across sectors
Despite overall efficiency gains, the number of workers required for business development activities 
is higher than other phases in sectors such as rooftop solar (38 percent of total FTE) and solar module 
manufacturing (32 percent of FTE). The need for more workforce in the business development phase is 
driven by the rapidly evolving regulatory and policy landscape, changing tender design, and challenges 
in land procurement. Companies now require dedicated individuals to actively track these changes 
and inform the company processes. Additionally, for sectors such as rooftop solar, sales processes have 
become more time-intensive, with longer conversion cycles from potential customers to actual users, 
necessitating larger sales teams. 

Trend 3: About 60 percent of the jobs in the solar and wind project 
deployment sectors require highly- or semi-skilled workforce
The skill level trends across the solar and wind deployment sectors indicate a greater requirement for 
highly- or semi-skilled workforce (about 60 percent of the total jobs) as compared to low-skilled workforce 
(which now accounts for less than 40 percent of the jobs). The requirement for highly- and semi-skilled 
workers is particularly high in the business development and design and pre-construction phases. The 
construction and commissioning and O&M phases are the only ones with a considerable share of jobs that 
require low-skilled workers. An interesting trend reveals that companies are increasingly seeking to employ 
individuals with sector-specific (technical, financial, and analytical) skills and prior work experience in the 
sector. As a result, the required skill levels have gone up.
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Trend 4: The skill level of the workforce in solar and wind manufacturing 
sectors is greater than the deployment sectors, with about 80 to 90 percent 
of the workforce engaged in highly- or semi-skilled jobs
The share of the low-skilled workforce in solar module and wind turbine manufacturing sectors is less 
than 20 percent and 10 percent, respectively. These sectors necessitate a workforce with technical 
specialisation—from turbine technology in wind manufacturing to electrical component technology in solar 
module manufacturing. 

Trend 5: The bioenergy sectors of biomass to power and CBG require more 
low-skilled workers
In the case of the biomass to power and CBG sectors, low-skilled workers account for 55 to 60 percent of 
the total workforce. This is higher than the other decentralized clean energy technologies such as small 
hydropower and rooftop solar that have less than 50 percent of low-skilled workforce. This is because a 
majority of the work in the bioenergy sectors revolves around feedstock collection, which has a higher 
requirement for a low-skilled workforce. 

Trend 6: Over the years, the number of jobs created per MW of capacity 
deployed has reduced in large scale solar and wind
The analysis of the survey data reveals an overall decrease in employment coefficients in the deployment 
of ground-mounted and wind energy sectors compared to the previous estimates.37 This decrease can be 
attributed to several factors that may indicate a gradual maturity of the Indian clean energy industry.

One of the reasons for the efficiency gains is technology improvements. For example, solar module 
capacities have increased from 300 W to 700 W per panel. Similarly, in wind deployment, the turbine 
capacities have increased from 2 MW to 3.5 MW, with the largest capacity reaching 5 MW. So, while the 
size and capacity of the systems have increased significantly, the workforce requirement for the installation 
phase may remain unchanged. 

Further, companies are now working on multiple projects simultaneously due to accelerated annual 
capacity deployment. As a result, a large number of workers can multitask, with cross-functional job 
responsibilities, reducing the quantum of dedicated workforce for a project. Hence, the additional direct 
workforce required for a new project is lower now as compared to previous years when there were fewer 
number of commissioned projects.

Box 3: Automation in Renewable Energy: Perceived vs. Potential Impact

Progress in the field of artificial intelligence (AI) and robotics is revolutionizing industrial processes 
as well as day-to-day activities such as transportation, health care, and education.38 Research 
indicates that 25 percent of the global capital spending between 2022 and 2027 will be on 
automation.39 India recently hosted an AI Impact Summit, signalling its growing ambition to 
position itself as a global hub for artificial intelligence and digital infrastructure. This momentum is 
being reinforced by significant investments from global technology giants such as Google, AWS, 
and others. Such developments are expected to expand India's compute capacity, attract foreign 
investment, and accelerate AI adoption across sectors. However, existing research on the impact of 
automation on employment is complex and often inconclusive.40 
 
Advanced technologies such as AI, machine learning (ML), and the Internet of Things (IoT) 
are transforming how grids are managed, systems are maintained proactively, and energy is 
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stored and dispatched. Some of these technologies have also found relevance in the clean 
energy sectors. Robotic cleaning of solar panels (particularly in utility-scale projects), AI-driven 
wind turbine diagnostics, biogas plant simulators, and remote monitoring of decentralized 
renewable energy projects are aiding system performance while reducing the need for human 
intervention. Beyond improvements in performance, these changes are also reshaping workforce 
requirements by placing greater emphasis on digital literacy, data analytics, and software-enabled 
energy management. 
 
Survey questionnaires for this study attempted to assess the influence of automation on job 
opportunities by analysing the spending on automation-related activities as well as qualitative 
inputs on the perceived impact of automation on job opportunities. However, the analysis was 
limited as many respondents could not provide much information on these aspects.  
 
Based on qualitative inputs from the solar and wind deployment sectors, most respondents have 
not invested in automation yet. The respondents who have invested, or are considering investing, 
highlighted ML, generative AI, industrial robotics, software automation (e.g., inventory control, 
HRMS, SAP models), weather control, hybrid automation, and predictive maintenance through ML 
as possible major areas of investment. 
 
Respondents in the small hydropower and the manufacturing sectors reported investing in 
automation and software (including Hydro SCADA operations software), fixed and programming 
automation, battery automation, product automation, precision analytics using big data, product 
development tools, and online HRM automation 
 
Meanwhile, respondents in the bioenergy deployment sector had not invested in and were not 
considering investing in automation. There is scope for automation in the biogas manufacturing 
sector, as newer technologies such as large-scale biogas plant simulations can help achieve higher 
efficiencies. In the solar water pumps and streetlights sector, major areas of automation include 
smart water pump controllers, remote monitoring systems, predictive maintenance tools, and 
automated pump scheduling. 
 
Our survey, initiated in 2024, predates the current explosion of generative AI. The landscape 
has since shifted dramatically with AI tools now ubiquitous with widespread availability and use 
cases. While this specific study does not quantify the precise impact of AI and automation on 
employment, there are growing instances of companies moving towards automation and AI. For 
example, Adani Green Energy India, uses an Energy Network Operations Centre (ENOC), that uses 
AI and ML to manage O&M of renewable assets across India, predicting maintenance needs in real 
time (Adani Renewables).41 Use of automation in manufacturing is also increasing, for example, 
Suzlon plans to establish new manufacturing plants that will be entirely digital and AI enabled, 
along with use of automation and robotics for critical tasks. Companies should focus on optimizing 
AI use cases and fostering employee adoption to catalyze industry-wide growth.42
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7.	� GENDER REPRESENTATION 
IN THE CLEAN ENERGY 
WORKFORCE

To reach the government’s target of building a 30 trillion-dollar economy by 2047, India will need a 
workforce with 400 million women. To achieve this target, it has been estimated that the participation rate 
of women in the workforce needs to increase from its current level of 37 percent to 70 percent.43 Apart from 
the obvious economic gains of increasing the total workforce size by increasing women’s participation, 
there are other benefits of a more gender diverse workforce:

	y Evidence from India’s manufacturing sector underscores the high return on investment of a more 
inclusive workforce: a 1 percent increase in gender diversity correlates with a 2.9 percent rise in 
labor productivity and a 2.7 percent boost in total factor productivity.44

	y An International Finance Corporation survey of banking clients show that women-led small-to-
medium enterprises showed better loan performance (crucial for assessing the health of loan 
portfolios, managing risk, and making informed financial decisions) with lower non-performing 
loans compared to all small and medium enterprises portfolios for six consecutive years.45 This is 
attributed to the finding that women are more likely to diversify supply chains and enable climate-
responsive initiatives. 

The high return on investment and risk-reduction benefits, associated with greater women participation 
in the workforce, emphasize the high stakes of reducing the gender gap in the energy transition industry. 
Consequently, this study aims to evaluate the current level of women’s representation in the renewable 
energy sector. The study assessed the gender representation across the clean energy workforce from 
multiple perspectives—first, the total number of women in the workforce was assessed; followed by a 
more detailed understanding of which departments/phases employ more women: technological (such as 
production and operations) or non-technological (such as HR, accounting, and administration); and lastly, 
the study analyzed women’s participation in leadership roles. Due to the binary nature of the possible 
responses (‘yes’ or ‘no’) to the survey questions, it was difficult to get information for all data points across 
all sectors. The analysis was thus limited to the ground-mounted solar, floating solar, rooftop solar, module 
manufacturing, solar pump manufacturing, wind turbine manufacturing, and wind deployment sectors. The 
following sub-sections discuss the key findings from the analysis of the survey responses.

7.1	 Participation of Women in the Active Clean 
Energy Workforce

Based on the survey, on average, women make up only 11 percent of the total workforce in the solar and 
wind deployment and manufacturing sectors (Figure 25). While the rooftop solar sector has the highest 
representation of women (15 percent), the wind manufacturing sector has the least number of women in 
the workforce (6 percent). 

The low participation of women mirrors broader patterns in India’s economy. The Periodic Labour Force 
Survey Annual Report (2023-24) shows a significant gender disparity in workforce participation among 
India’s population (aged 15 years and above). While 78.8 percent of males participate in the labor force, 

https://www.ifc.org/content/dam/ifc/doclink/2024/pursuing-gender-inclusive-climate-investments.pdf
https://www.ifc.org/content/dam/ifc/doclink/2024/pursuing-gender-inclusive-climate-investments.pdf
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female participation remains substantially lower at 41.7 percent of the working-age women. This gap 
highlights that fewer than half of working-age women are engaged in the workforce, compared to nearly 
four out of five men.46 

Figure 25: Representation of Women in the Workforce Across Clean Energy Sectors
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7.2	 Job Profiles of Women in the Workforce
More than half of the women workers are involved in non-technological roles such as HR, accounting, 
administrative, etc. (Figure 26). Non-technological roles are typically office-based roles as compared to on-
field, technological roles (such as construction and project operations). The proportion of women in non-
technological roles is highest for the wind project deployment (73 percent) and the ground-mounted solar 
(70 percent) sectors. The solar module manufacturing sector has more gender diversity in the workforce 
with about 41 percent women employed in technological roles. One of the respondents, within the solar 
pumps manufacturing sector, was an outlier as more than 81 percent of the women employees in the 
company were involved in technological roles. 

Unfortunately, these trends are in line with broader global patterns. As per a global survey conducted by 
the International Renewable Energy Agency (IRENA), women are employed in 45 percent of administrative 
positions but represent only 28 percent of STEM jobs.47 Similarly, in the study sample for this report, more 
than 62 percent of the women are involved in non-technological roles. 
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Figure 26: Representation of Women Workers in Non-technological and Technological  
Roles Across Clean Energy Sectors
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7.3	 Women in Positions of Leadership
The study also assessed the presence of women on the boards of clean energy sector companies to 
understand how women are represented in leadership roles across sectors. It should be noted that this 
information was unavailable for the biomass to power, CBG, and hydropower sectors. 

Of the companies in the study sample, about 44 percent had at least one woman on their board (Figure 
27). Rooftop solar sector had the lowest proportion (approximately 27 percent) of companies with at least 
one woman on the board. The one company surveyed in the wind manufacturing sector also had a woman 
on their company’s board. 
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Figure 27: Representation of Women in Leadership Roles Across Clean Energy Sectors
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While the number of women pursuing STEM degrees is increasing in India, women’s participation in 
the STEM workforce remains low.48 The low participation of women in the clean energy workforce can 
be attributed to multiple reasons, some of which are not limited to these sectors and are part of larger 
systemic and societal barriers. Based on stakeholder discussions with human resources professionals in 
the solar and wind sectors, some of the possible reasons for the low representation of women in these 
sectors include: 

	y Burden of additional responsibilities, such as child and family caregiving, that limit the job options 
available for women both in terms of location as well as working hours. 

	y Lack of supporting environment at workplace for women with children—such as day care and 
flexible working hours—that leads to high attrition rates.

These issues get more pronounced due to the dynamics of the renewable energy industry. For instance, 
most of the large-scale ground-mounted solar and wind projects are located in remote locations with 
poor connectivity and sparse habitation. From the perspective of a woman in the workforce, they are 
apprehensive of working in such areas due to safety and security concerns. Unfortunately, some of the 
employers may view employing and retaining women in such remote work locations as an additional 
economic burden (as more women in the workforce necessitates additional amenities and infrastructure, 
such as enhanced security at the workplace). Such an increase in project costs often conflicts with investor 
expectations of returns despite their desire for diversity. Companies which had a higher share of women 
in the workforce mentioned that gender diversity was a mandate from their investors. While this is true for 
deployment sectors, it is not the case for jobs in the manufacturing sectors since these are centralized jobs 
in factories or facilities, making manufacturing a key area to encourage women’s participation.
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Some companies reported implementing dedicated initiatives to increase women’s participation, but these 
efforts were limited in their scope and impact. Such efforts typically involved either reserving certain job 
positions for women or giving preference to women in specific roles or setting internal targets to boost 
participation of women in the workforce. However, these reserved jobs were usually for non-technical roles.

These insights indicate that the under-representation of women in the clean energy workforce is 
constrained due to systemic barriers, preventing women from entering and contributing in the workforce. A 
promising attribute, however, is the increased investments from foreign players in the clean energy sectors, 
which usually tend to drive inclusivity and diversity in the workforce.49 

Despite low representation of women in the renewable energy sector, the decentralized renewable energy 
sector delivers some important benefits to women. For example, biogas plants empower rural women by 
converting cattle dung and organic waste into clean cooking gas and organic fertilizer, saving hours of 
daily labor in firewood collection. Additionally, evidence from a study spanning 18 states suggests that 
decentralized renewable energy technologies—including solar-powered silk reelers and refrigerators—have 
improved incomes for nearly 90 percent of users. For women in particular, the benefits extend beyond 
financial gains, encompassing greater agency, enhanced knowledge and skills, increased mobility, and 
more active participation in community and social life.50 Decentralised renewables thus offer significant 
livelihood and wider socio-economic benefits for women.
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8.	� WORKFORCE ADDED FROM 
RENEWABLE ENERGY 
INSTALLATIONS IN THE PAST 
FOUR YEARS

The study used sector-specific FTE coefficients to estimate the workforce added in the clean energy sectors 
over the last four financial years (FY). As the FTEs are developed based on the projects commissioned 
in the same timeframe, they can be applied with accuracy to estimate workforce additions. It should be 
noted that due to the constraints around the availability of annual capacity for some sectors, the study 
has focused only on assessing the workforce added in select sectors—the deployment of rooftop solar, 
ground-mounted solar, and wind sectors. For solar module and wind turbine manufacturing, only the total 
workforce has been calculated, as there was a lack of data on annual additions to manufacturing. 

Between FY23 and FY26, India deployed approximately 19,000 MW (19 GW) of rooftop solar capacity. 
Around 45 percent of the added capacity was deployed in 2025-26. This can be attributed to the ‘PM Surya 
Ghar: Muft Bijli Yojana’, the Government of India’s rooftop solar initiative introduced in February 2024, 
which provides a subsidy for rooftop solar installations in the residential sector.51 The ground-mounted 
solar sector also witnessed impressive growth with more than 72,000 MW (72 GW) capacity added in the 
last four financial years. Wind deployment, on the other hand, witnessed comparatively slower growth with 
a little more than 15,000 MW (15 GW) capacity added in the last four financial years. Figure 28 summarizes 
these clean energy deployment trends for FY23 to FY26.52

Figure 28: Annual Clean Energy Capacity Deployment Trends (FY23 to FY26) 

Note: Segment widths are logarithmically transformed for visibility of all sectors
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Based on these capacity deployment trends, the study estimated the workforce added to these sectors. 
Between FY23 and FY26, the sectors added approximately 6.5 lakh (657,845) workforce. 62 percent of the 
new workforce added were in the rooftop solar sector, followed by jobs added through the PM-KUSUM 
scheme, which accounted for approximately 16 percent of the additional workforce (Figure 30). 
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Figure 29: Distribution of Workforce Added Across Clean Energy Sectors (FY23 to FY26)
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The immense scale of capacity deployment in FY25, when about 31 GW of capacity was deployed, led 
to the highest annual workforce addition as approximately 2.7 lakh (270,000) workers were added to 
the clean energy sectors (Figures 29-31). Around 46 percent (124,265 workforce) of the clean energy 
workforce added in FY25 were in the rooftop solar sector, driven by about 5.1 GW of capacity deployment. 

Figure 30: Sector-wise Distribution of Workforce Added
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Figure 31: Annual Capacity Additions and Corresponding Annual Workforce Additions (FY23 to FY26)
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The total workforce was also calculated for the solar module manufacturing and wind turbine 
manufacturing sectors (not added in the figures, as the other sectors are deployment centric). As of 
FY2026, the solar module manufacturing sector had a production capacity of approximately 150 GW which 
amounts to a total workforce of approximately 226,500. 53 The wind manufacturing sector currently has an 
installed capacity of 18 GW, which employs approx. 25,920 workers.54

While deployment sectors are creating employment, the issues of lack of trained workers and skills 
shortages persist. Consultations with companies in the sector reveals that companies are struggling to 
find sector-specific trained workers, while various training institutes have low placement rates. This can be 
attributed to the lack of practical, hands-on field training as part of program curricula, lack of familiarity with 
new technologies and others.55 

The study focuses on the quantum of employment rather than the quality of labor. For example, in the 
biomass sector, high employment figures coexist with significantly lower capacity deployment as compared 
to large solar or wind projects. This suggests a lower labor efficiency, where jobs result in lower capacity 
installed. Future research is required to evaluate the total factor productivity of these roles to avoid the 
misconception that investment in sectors naturally yields high-value economic returns.
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9.	� ESTIMATE OF JOBS 
GENERATED IN ACHIEVING 
INDIA’S NATIONAL CLEAN 
ENERGY TARGETS 

India’s target of 500 GW of non-fossil fuel capacity (including nuclear) and goals under the National Green 
Hydrogen Mission are projected to generate more than 44 lakh (4.4 million) FTE jobs. Renewable energy 
sectors analyzed as part of this study—wind, ground-mounted solar, solar pumps, rooftop solar, small and 
large hydropower, biomass, solar module, and wind turbine manufacturing— are estimated to create more 
than 41 lakh (4.1 million) FTE jobs. Of these, approximately 12.8 lakh (1.28 million) FTE jobs are expected 
to be under the operations and maintenance and manufacturing phases which are sustained over the 
lifetime of the project and plant (Annexure 4).

Table 11: Estimate of Jobs Generated in Achieving India’s National Clean Energy Targets

RE Sector Target (GW)*
New FTE 

Coefficients 
(Job-years/MW)

Overall Estimated 
Workforce Generation**

Wind Energy 99.9 0.65 91,361

Ground-mounted Solar Energy and Offgrid 217.2 1.00 3,59,062

Solar Projects under PM-KUSUM: Component 
A***

10 1.17 11,650

Solar Projects under PM-KUSUM: Component 
B****

7 47.91 3,35,356

Solar Projects under PM-KUSUM: Component 
C Grid Connected Pumps^

1.1 47.32 52,052

Solar Projects under PM-KUSUM: Component 
C Feeder Level Solarization***

16.7 1.17 19,455

Rooftop Solar (<10 KW)^^ 40.0 54.91 19,28,497

Small Hydropower 5.62 152.43 1,71,627

Large Hydropower (O&M phase only)^^^ 53.9 0.72 38,779

Biomass to Power 14.5 164.82 8,67,247

Solar Module Manufacturing 150.0 1.5 2,26,500

Wind Manufacturing 25.0 1.4 36,000
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RE Sector Target (GW)*
New FTE 

Coefficients 
(Job-years/MW)

Overall Estimated 
Workforce Generation**

Nuclear (not included in this study)^^^^ 15.0 1.60 24,000

Hydrogen Production—National Green 
Hydrogen Mission (not included in this 
study)^^^^

5 MMT^^^^^ - 2,95,133

Total 44,56,719

Notes:
*Targets are as per the Ministry of New and Renewable Energy (2024) and the Ministry of Power (2023). For solar and wind 
manufacturing and PM-KUSUM sectors, targets are as per discussions with MNRE officials. For PM-KUSUM, capacities likely to be 
achieved against the commissioned ones are used.
** For capacities deployed until March 2023, FTE are taken from Tyagi et al 2022.56 For capacities installed post March 2023, to achieve 
the cumulative target, new FTEs mentioned in column 3 of the table have been used.
***Ground-mounted Solar FTE (for smaller systems below 2 to 3 MW) used as scheme targets smaller sized systems. 
**** Rooftop Solar FTE for 5 kW systems along with solar pumps systems installation FTE have been used
^ Rooftop solar FTE for 5 kW systems have been used. 
^^ FTE of 1 to 10 kW systems have been used as scheme is targeted toward systems of 1 to 10 kW under PM Surya Ghar Yojana. 
^^^ FTE includes only power generation and maintenance phases.
^^^^ FTEs, targets, and jobs have been taken from the MNRE Report, 2024, and are not from this study as these sectors are not 
included in this study.
^^^^^ MMT: Million Metric Tons

Source: CEEW-NRDC Analysis, 2026, and analysis of Ministry of New and Renewable Energy 202457
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10.	 LIMITATIONS OF THE STUDY

Identifying and acknowledging limitations is important to ensure an accurate interpretation of the 
results and to facilitate future research or improvements in studies. These are some of the notable 
limitations of the study:

a.	 Lack of information on market size to assign weights to sample data while calculating FTEs: 
Due to unavailability of adequate market size data, sector-wise calculations of FTE employment 
coefficients relied on simple averages (instead of weighted averages) that treats data from all 
survey respondents equally, regardless of company size or market share. Such a methodology 
potentially misrepresents sectors where employment is concentrated among a few major players.

b.	 Low number of responses: While the survey was designed to collect more data across sectors, 
however, it received fewer responses than anticipated. A larger sample size would have helped to 
further substantiate the industry-wide workforce estimates. To address this limitation, the report 
presents many of the estimates as case studies. 

c.	 Lack of standardized reporting practices across organizations: There is a discrepancy in 
reporting practices as some organisations provided information based on their existing database 
systems, while others provided data based on recollections only. 

d.	 Analysis timelines: The survey for the study was conducted from March 2024 to December 2025. 
Hence, the FTEs are calculated based on data received and not to date. FTE coefficients and 
workforce numbers do not consider any recent developments in the sector. 

e.	 Subjective decisions about skill levels classification: Skill levels are defined by a combination of 
assessment factors such as educational backgrounds, complexity of work, and knowledge. While 
the survey included these definitions of skills levels, respondents made classifications based on 
broad estimates rather than evaluating individual workers by worker competencies and roles.

f.	 Degree of automation, scale of businesses, and business models (vertical/horizontal 
integration) vary across companies and is not considered: Companies in the study sample have 
varying levels of automation and efficacies. These have not been integrated as part of the study.
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11.	� CONCLUSION AND 
RECOMMENDATIONS 

This study focused on estimating direct employment in India’s core clean energy sectors. Future research 
should expand to include supporting industries and indirect jobs—such as manufacturing inverters and 
mounting structures, community-based roles in decentralized energy projects, and last-mile clean energy 
services—to capture the full employment impact of the clean energy value chain. Additionally, based on the 
analysis presented in this report, the following action points are recommended: 

1.	 MNRE, and the related institutions, should institutionalize workforce reporting as part 
of existing processes related to renewable energy projects. Currently, various government 
entities (including MNRE, SECI, NISE, and others) collect a range of information from clean 
energy companies during different project stages such as process of tender selection, awarding 
of subsidies and incentives, audits, etc.. Mandatory reporting of workforce numbers can thus 
be embedded in these existing processes. A standard template should be used to collect data 
on workforce requirements and gender representation in both the general workforce and 
leadership roles.

2.	 Clean energy companies should undertake a proactive approach towards gender inclusivity 
to tap into underutilized talent and enhance business performance. Gender representation 
remains a critical but under-addressed aspect of India’s clean energy transition. This must be 
anchored in principles of equity, requiring targeted interventions to recruit, retain, and build 
capacities to advance women’s contribution across the sector. Companies must move beyond 
basic hiring mandates to actively employ women in leadership, technological, and 
entrepreneurial roles and not just in traditionally gendered administrative or support roles. This 
requires comprehensive action across multiple areas—such as ensuring workplace safety provisions; 
mentorship opportunities; designing sector-specific gender-responsive skill building programs 
(such as offering alternative delivery methods like online-offline hybrid formats); earmarking 
certain percentage of leadership positions for women; and, flexible work arrangements with 
evolving job needs. 

3.	 Clean energy companies and training institutes should focus on creating career advancement 
programs for the existing workforce. The study shows that there is a high requirement of semi- 
and highly-skilled workforce, especially in the solar and wind manufacturing sector. There is an 
opportunity for the solar and wind industry to develop career advancement programs that are 
focused on providing training to their existing workforce to help them upskill from low-skilled to 
semi-skilled roles or from semi- to highly-skilled roles. This can be achieved by incorporating a 
culture of continuous learning, partnering with experts to deliver technical training and mentorship, 
etc. Training institutes can also play an important role by embedding these initiatives (by the clean 
energy companies) among the trainees and mentoring them for a long career.

4.	 MNRE, along with NSDC and training institutes, should strengthen monitoring and 
evaluation of skill building initiatives. Stakeholder consultations and feedback underscored 
the need for timely assessment of the quality and relevance of clean energy skill building and 
training initiatives to effectively meet industry needs and requirement for practical, on-ground 
training. The MNRE—along with the National Skill Development Corporation (NSDC), other sector 
skill councils, and the dedicated training institutes—should conduct annual performance reviews 
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of their training programs via regular information exchange and closer collaboration with clean 
energy companies to stay up-to-date with changing industry requirements. Additionally, MNRE and 
NSDC should evaluate the performance of current mechanisms to include private sector in the skill 
building ecosystem.

India’s clean energy sector is poised for considerable growth, with strong commitments from the 
government and industry to scale up the clean energy capacity. Alongside environmental benefits, this 
transition is expected to create sustainable employment opportunities across various segments of the 
sector. However, evolving technologies, automation, and efficiency improvements are reshaping workforce 
requirements. These technological advancements and changes are leading to a shift in the nature and 
intensity of clean energy jobs by reducing the labor intensity of certain roles while generating demand for 
new, highly-skilled jobs. As India continues its journey toward becoming a Viksit Bharat, it is imperative to 
ensure that the renewable energy employment ecosystem remains inclusive, adaptive, and future-ready.

Image source: iStock
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ANNEXURES

Annexure 1: �Comparison of Global Studies on Clean Energy 
Employment 

Geographic 
Coverage

U.S. Department 
Of Energy’s 
Energy & 
Employment 
Report, 202358

IRENA’s 
Renewable 
Energy and 
Jobs–Annual 
Review 202659

Global Jobs 
Analysis, 201560

Renewable Energy 
Employment in 
Australia, 202061

India’s Clean 
Energy Sectors 
Jobs Analysis, 
2025 (current 
report)

United States Global 
Global (divided 
into 9 regions)

Australia India

Organizations 
Involved/Led 
by

U.S. DoE, Bureau 
of Labor Statistics, 
BW Research

IRENA

Institute for 
Sustainable 
Futures at 
University of 
Technology, 
Sydney, for 
Greenpeace 
International

Institute for 
Sustainable Futures 
at University of 
Technology, Sydney 

NRDC and 
CEEW, with 
support and 
guidance from 
the Ministry 
of New and 
Renewable 
Energy, 
Government of 
India

Scope

Examines 
establishments 
that work with 
energy-related 
technologies 
(large scope)

(not available)

Almost lifetime 
scope—
manufacturing 
until disposal 

Mainly focused on 
the implementation 
phase of RE 
sectors (operation, 
construction, 
maintenance)

Large scope—
across different 
phases of 
deployment and 
manufacturing of 
RE sectors

Sectors 
Included

The report 
includes 266 
industries, 
including clean 
energy sectors, 
using the six-digit 
North American 
Industry 
Classification 
System (NAICS) 
codes

Renewable 
energy 
employment—
solar 
photovoltaic, 
bioenergy, wind 
energy, solar 
heating/cooling, 
hydropower, 
geothermal 
energy, 
concentrated 
solar power, heat 
pumps (ground-
based), municipal 
and industrial 
waste, and ocean 
energy

Manufacturing, 
construction 
and installation, 
operations and 
maintenance, fuel 
supply associated 
with electricity 
generation, 
decommissioning 
of power plants 
at the end of their 
lifetimes, and 
transmission

Large-scale solar and 
wind energy, on-site 
solar PV and solar hot 
water at residential, 
commercial and 
industrial sites, 
hydro generation 
and storage, 
battery storage, 
supply chain for 
these technologies 
bioenergy, 
renewable hydrogen, 
professional services 
(government, 
research and 
development, 
consultancies etc), 
electricity networks 
construction and 
operation, electricity 
retailing

Renewable 
energy 
deployment 
sectors (solar, 
wind, CBG, 
and large 
hydropower) and 
manufacturing 
sectors (solar 
modules, wind 
turbines, solar 
pumps)

https://www.energy.gov/sites/default/files/2023-06/2023%20USEER%20REPORT-v2.pdf
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Geographic 
Coverage

U.S. Department 
Of Energy’s 
Energy & 
Employment 
Report, 202358

IRENA’s 
Renewable 
Energy and 
Jobs–Annual 
Review 202659

Global Jobs 
Analysis, 201560

Renewable Energy 
Employment in 
Australia, 202061

India’s Clean 
Energy Sectors 
Jobs Analysis, 
2025 (current 
report)

United States Global 
Global (divided 
into 9 regions)

Australia India

Types of Jobs 
Assessed 
(Direct, 
Indirect, 
Induced)

Direct jobs
Both direct and 
indirect jobs

Direct jobs Both direct and 
indirect jobs

Direct jobs 

Data Sources

United States 
Energy & 
Employment 
Report (USEER) 
2023 Survey, BW 
research survey, 
Bureau of Labor 
Statistics

National 
level surveys 
for different 
countries (ex: 
China Heat Pump 
Alliance report, 
U.S. Department 
of Energy survey)

National level 
reports and 
studies on 
modelling 
employment, 
energy and fuel 
statistics, and 
energy systems

National energy 
reports, industry 
reports, and data 
from clean energy 
organizations

Survey agency 
selected by 
NRDC and 
CEEW 

Approach and 
Methodology

Workforce 
calculated by 
identifying the 
proportion of 
energy-related 
companies and 
proportion of 
workers that 
engage in the 
sector

Commodity flow 
calculations are 
used to identify 
workforce in 
sectors such 
as the flow of 
transportation

Employment-
factor approach, 
Supply-chain 
approach, 
Input-output 
models used 
for calculating 
workforce

Workforce is 
calculated using 
Employment-
factor approach 
for each industry—
manufacturing 
for local use 
and export, 
construction, 
operations and 
maintenance, fuel, 
and heat supply

Workforce is 
calculated using 
Employment-
factor approach 
for manufacturing, 
construction, 
operations and 
maintenance 
employment annually

Workforce 
is calculated 
using Full-Time 
Equivalent 
employment 
coefficients 
across business 
phases 
separately for 
all the sectors 
analyzed 
(refer to the 
methodology 
section for more 
details) 

Source: Authors’ analysis of studies mentioned

https://www.energy.gov/sites/default/files/2023-06/2023%20USEER%20REPORT-v2.pdf
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Annexure 2: Survey Questionnaire for Biomass Developer

Section A - Respondents detail

Q.1.	 Name of the Company:

Q.2.	 Please enter the details of the respondent 

a.	 Name: 

b.	 Designation: 

c.	 Email ID:

d.	 Contact Number:

Section B - Company profile

Q.3.	� Please select the option(s) that describe the key role of your organization in Biomass sector 
(Multiple selections possible)

	y Plant owner/operator

	y Engineering, Procurement and Construction (EPC) Contractor

	y Turnkey Solutions Provider

	y Non-EPC Service Company / Consultancy

	y Other (Please specify in comments below)

Q.4.	� Please select the turnkey service(s) provided by your company in Biomass segment (Multiple 
selections possible) 

	y Advisory Services (Legal, Subsidy, Financing, PPAs etc.) and Approvals

	y Project Financing

	y Project Management

	y Asset management

	y Site Survey and Feasibility Study

	y Plant Commissioning

	y Operations and Maintenance 

	y Other (Please specify in comments below)

Q.5.	� If non-EPC Service Company / Consultancy, please mention the services provided 
by your company. 
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Q.6.	� What is the total capacity commissioned under management (in MW) by your organization in the 
following years?

Year Commissioned capacity (MW)

FY20

FY21

FY22

FY23

Q.7.	� What is the planned addition in the total commissioned capacity (in MW) by your organization for 
the following years?

Year Commissioned capacity (MW)

FY24

FY25

FY26

Section C - Organization level information

Q.8.	 What is the total number of staff or consultants employed by your organization?

Ans.:	

Q.9.	� What is the expected percentage increase/decrease in the total number of staff employed by your 
organization in the coming year?

Ans.:	

Q.10.	 What is the total number of women (staff or consultants) employed by your organization?

Ans.:	

Q.11.	 What is the highest level of female employee in your organization?

Ans.:	

Q.12	 .What percentage of leadership are women? 

Ans.:	

Q.13.	 What percentage are in senior management and middle management?

Ans.:	

Q.14.	 Do you have women representation on your board? 

Ans.:	
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Q.15.	� Are their initiatives specifically targeted at increasing women’s representation? If yes, 
please share details?

Ans.:	

Q.16.	� What percentage of women are in non-technical roles (such as HR, finance, admin, 
communications)?

Ans.:	

Section D - Project Specific Detail

Q.17.	� Please enter the following details about a Biomass energy project by your organization, preferably 
one that has been recently completed.

	y Name of Project:

	y Location of Project:

	y Commissioning Date:

	y Size of Project (MW):

	y Primary feedstock: 

	y Secondary feedstocks, if any 

	y No. of operational days

Q.18.	 What would best describe the technology and output of your plant?

a.	 Bagasse-based biomass power plant

b.	 Non-bagasse biomass power plant (can include other agricultural and forestry residue)

c.	 Biomass-based steam generation plant

d.	 Others (please mention) 

Q.19.	 Can you please mention your operating model?

a.	 Captive plant (please mention primary industry) 

b.	 Independent energy producer (please mention off-taker industry)

c.	 Others (please mention) 

Q.20.	� Are you aware of the total workforce involved on the project including those from other 
organizations including EPC, turnkey solution provider, manufacturer etc.?

a.	 Yes

b.	 No

Q.21.	� Will you be able to provide total employment associated with each phase from all organizations?

a.	 Will you be able to provide total employment associated with each phase from 
all organizations?

b.	 No, I am providing information for my organization
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Q.22.	 Please provide the answers to following question associated to of Biomass value chain.

S. No Question Business 
Development 
Phase

Design and Pre-
construction 
Phase

Construction and 
Commissioning 
Phase

Operations and 
Maintenance 
Phase

22.a Total duration of the 
phase

22.b Total number of 
employees working 
in this phase

22.c Number of people employed in each category as per skill level62

High 

Semi-skilled 

Low-skilled 

22.d Share of women 
employees in the 
total strength in this 
phase (%)

22.e Do people involved 
in this phase work 
on multiple projects? 
If yes, how many 
projects, on average, 
do people get 
involved with?

22.f In line of above 
response, on 
average, in the 
each phase, how 
much time does an 
employee give to 
this project? Please 
answer in % time 
dedication (Ex. On 
average, for an 
employee working 
on multiple projects 
simultaneously, 20 % 
of the time is solely 
dedicated to this 
project). 

Q.23.	 Do you have a detailed workforce roster for the project?

a.	 Yes

b.	 No

Q.24.	 If yes, can you share it with us?

a.	 Yes

b.	 No
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Q.25.	� Do you have an estimate of how many additional jobs were supported by this project (during or 
post construction)? (If yes, please share the number and type of jobs)

a.	 Yes 

b.	 No

Section E- Skills

Q.26.	 What are the top five skills in demand for your sector?

Department Skills

Business Development

Design & Pre-Construction

Construction & Commissioning

Operation & Maintenance 

Q.27.	 What are the top five skills lacking in your sector?

Business Development

Design & Pre-Construction

Construction & Commissioning

Operation & Maintenance 

Section F – Automation

Is your company planning to invest in automation? If yes, please answer the following questions.

	 1.	 What technologies is the company planning to invest in?

	

	

	 2.	 Which phase or corporate function would this be deployed in?

	

	

	 3.	� What would be the impact of automation on employment (increase, decrease, stay the same)?
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Annexure 3: �Project/Plant Size-wise Distribution of Projects Across 
Clean Energy Sectors 

FTE (job-years)/MW along with Number of Companies.
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Annexure 4: Estimated Jobs in O&M and/or Manufacturing

RE Sector 

RE Jobs Generated 

Jobs in BD, Design, 
and Construction 

Jobs in O&M and/or 
Manufacturing 

Total Jobs

Wind Energy 62,601 28,760 91,361

Utility-scale Solar Energy and Off-grid 2,88,694 70,369 3,59,062

PM-KUSUM Component A (<3 MW) 9,640 2,010 11,650

PM-KUSUM Component B 2,74,995 60,361 3,35,356

PM-KUSUM Component C IPS (0-5 KW) 42,570 9,482 52,052

PM-KUSUM Component C FLS (0-5 KW) 16,099 3,357 19,455

Rooftop Solar (0-10 KW) 15,69,723 3,58,774 19,28,497

Small Hydropower 1,62,376 9,251 1,71,627

Large Hydropower* 38,779 38,779

Biomass to Power 4,25,733 4,41,514 8,67,247

Solar module manufacturing 226500 226500

Wind Manufacturing 36,000 36,000

Total 28,52,430 12,85,156 41,37,586

Note:
* No FTE coefficient developed for phases prior to O&M

Source: CEEW-NRDC Analysis 2026
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